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PREFACE

The Third lnternational Congress of the International Radiation
Protection Association {IRPA} was held in Washington, D.C., September
9-14, 1973, and was hosted by the Health Physics Society, Two
previous Congresses were held in Rome, italy, in September 1966
ond Brighton, England, in May 1970,

The scientific program, consisting of 237 popers, was truly inter-
natisnal in scope. Scientists and adminisfrators of 33 countries from
all corners of the world actively participated in the Cangress. In
addition to the scientific program, refresher courses were held as part
of o continuing professional development program. Scientific tours,
an exhibition of radiation protection equipment and services, and a
tively socicl program compfeted the Congress activities. A modified
rapporteur system of presentation was used, and a relatively few papers
were given orally by individuol authors, This system, not in great use
in the United States, received some criticism. However, it does pro-
vide an efficient system aof presenting in a limited time a large number
of papers, with only the pertinent facts being offered by the rapporteur,
thus saving the audience listening to details,

The Scientific Program Committee under chairmanship of Dr. Bo
Lindel! had a most difficult task in developing the technical program.
Perhaps I am somewhot biased; however, I believe the committee did
an outstanding job. At its first meeting in Budapest, Hungary, in May
of 1972, the cammittee made the decision that all projection slides
presented at the Cangress would receive severe screening and inspec-
tion in arder to prevent the presentation of poor slides and incompre-
hensible data. Same authors resented such an inspection procedure;
however, | am certain that the audience apprecioted the fact that the
committee instituted this. Such a procedure should be an integral part
af all scientific meetings.

The IRPA Executive Council agreed to ollow publication of the
Congress Proceedings after receiving a most welcome invifation from
the U. S. Atomic Energy Commission to print the papers in two volumes
at no cost to IRPA. The task of editing and working with the USAEC,
of course, fel! to the IRPA Publications Director, Dr. Walter S. Snyder,
and his staff ot the Oak Ridge National Laboratory. The publication
of such an extensive body of scientific papers requires a tremendous
amount of effort on ..e part of Dr. Snyder and his stoff, and the IRPA
Executive Council sincerely appreciates this effort. These Proceedings
will provide ¢ valuable record of the Congress and serve as a signifi-
cant reference in the future,



The papers in these Proceedings are arranged by the sessions as
specified by the Scientific Progrom Committee and as presented at the
Congress. Unfortunotely, it was impossible to include the rapporteur
papers in this publication. Nevertheless, the Program Committee ond
the International Meeting Commission gratefully acknowledge the effort
that went into the preparotion and presentation of their reports. Only
a few papers for various reasons could not be obtained for publication.
I am sorry for those authors who will not have their papers published,
after going to the effort of presenting their information at the Congress.
The Editor and | both acknowledge with gratitude and express our thanks
for the cooperation of the authors of the papers presented here.

At the IRPA General Assembly, we observed the passing of the
Presidential Bell from Dr. W. G. Marley to the capable hands of
Dr. Carlo Polvani. We all express our most grateful thanks to Gregg
Marley for a job well done; to Carlo Polvani, we wish great success
in leading IRPA these next three yeors. [t was indeed gratifying to
welcome to the fold of IRPA our most recent affiliated society--the
Rodiation Hygiene Section of the Scientific Society of Hygienists of
the USSR. We also observed that IRPA now has a reasonable bank
account and will wisely use its funds to support intemational and
regionol meetings and approprigte internafional organizations con-
cerned with radiation protection. The Assembly also accepted the
invitation of the Czechoslovak Society of Nuclear Medicine and
Radiation Hygiene to hold the Fourth International Congress in 1976,
We will be pleased to assist Dr. Vladislavy Klener, the new Vice
President for Congress Affairs, in preporing for that Congress.

Another outstunding event of the Congress was the first presen-
totion of the Sievert Award to Dr. Bo Lindell of Sweden., Rolf M.
Sievert was a giant in the field of radiation physics and protection
and a gentleman. Bo Lindell is of the same mold and a most worthy
recipient of the award. His lecture on the assessment of radiation
risk was an outstanding contribution to the Congress.

The Congress would not have been a success without the finoncial
contributions and assistunce of many national and international groups
and agencies. These are acknowledged on page  of this volume. Also
our deep appreciation is given to the scientific and technical exhibitors
who gave us an opporfunity to observe their equipment and learn of
their services to our fields of endeavor. Due thanks is also given to
the exhibitors for contributing to the financial success of our Congress.

It is an impossible task to thank personally each individual who
worked hard and long, behind the scenes and at the forefront, to make
the Congress the success that it was. Ta each of you, it wos a pleasure
for me to share in the effort and to work with so many fine people from
so many lands.

Claire C. Palmiter
Congress President



IRPA EXECUTIVE COUNCIL

W, G. Marley, President---———--~--m———emmma e United Kingdom
C. Polvani, Vice President--——==—c———- —-— --~Italy
C. C. Palmiter, Vice President for

Congress Affairs————~—-————rm—mmcmmm oo e USA
J. R. Horan, Executive Officer - e m— USA
P. Courvoisier, Treasurer—==-=v=c-=w== e ——————— Switzerland
W. S. Snyder, Publications Director e -——-USA
L. Bozoky=w====sememmcc e T —————————————— Hungary
A. R, Gopal-Ayengar===—===m—=em e e e e e e - India
H. P. Jammet-mr=e—m e e e e e e e e e France
B, Lindelfecmm—me e e e Sweden
Y. Nishiwgki===smmemm e e e e e e Japan (IAEA)
Y. Felge====mmmmmm e e e e e e e e e Israel
K. Z. Morgan, President Emeritus-=r==~=r=eceeccccaena --=USA

INTERNATIONAL MEETING COMMISSION

Claire C. Palmiter, Chairman

Robert J. Cotlin, Secrefary General

H. Davis Bruner, Deputy Secretary General

Lawrence A. Brauch, Treasurer

John C. Villforth, Secretary, Scientific Program Committee
Lester A, Slaback, Jr., Executive Secretary

James C. Malaro, Congress Manager

Rophael S. Daniels, Banquet

Cecil R. Buchanan, Exhibition

Arthur A_ Levin, State Department Coordinator

Joseph M. Brown, Housing

Haorold W, Gauf, Social Members' Program

John G. Bailey, Public Information

Glenn W. Zimmer, Congress Social Program

Abraham Schwebel, Scientific Tours & Refresher Courses
Robert E. Alexander, Transportation

Samuel Sperling, Final Program & Brochure

Francis A, Leone, Acting Secretary General (on departure of Catlin)

SCIENTIFIC PROGRAM COMMITTEE

B. Lindell, Sweden, Chairman
J. C. Villforth, USA, Secretary

H. Brurrer, Switzerlond B. Lister, Scotland

M. Gras, France A. Marko, Canada

M. lzawa, Japan Z. Nooteboom-Beekman,
J. Liniecki, Poland Netheriands

D. Sowby, ICRP



ACKNOWLEDGMENTS

The IRPA Executive Council and the International Meeting
Commission grafefully acknowledge the assistance of the Health
Physics Society for hosting the Third International Congress and
the gronts and contributions from the follawing national and

international groups:

U. S, Atomic Energy Commission

U. 5. Department of Commerce

U. S, Environmental Protection
Agency

U. S, Food ond Drug Admin-
istrotion (HEW), Bureau of
Radiological Health

Atomic Energy of Canada, Ltd.

Commission on Eurapean
Communities

International Atomic Energy
Abboft Loboratories, Radio-
pharmaceutical Products

Division
Bechtel Power Corporatian

Boston Edison Company

Consolidated Edison Company
of New York, Inc,

Defense Apparel Nu-Con Products

Edison Electric Institute

Gulf Foundation

Harshaw Chemical Company
Kerr-McGee Corporation

R. S. Landauer Jr. & Company
Nuclear Associates, Ine.

Nuclear Engineering Company,
Ine.

E. R. Squibb & Sons, Inc.
Teledyne Isotopes

Victoreen Instrument, Division

of VLN

Westinghouse Environmental
Systems



FOREWORD BY THE EDITOR

_ The Editor hopes these Proceedings will be a useful summary aof
the Third International Congress. Every effort was made to hold
authors to their allotted number of poges, ond the compromises finally
reached were related ta the total number of pages far each categary
of papers. In o few instances, quthors did arrange for use of supple~
mentary pages originally assigned to another outhar fram the same
institution, No retyping has been done to achieve a uniform style,
and thus the presenfation of the material is due entirely to the
authars, Some popers were withdrawn prior to the Congress, and
some authors were uncble or unwifling to deliver papets in time for
inclusion in the Proceedings. The Table of Contents consists of the
camplete program cs presented for the Congress. The reader moy
wish to contact individual cuthors for missing papers ar far further
details on the work presented here. The Editor wishes to acknowl-
edge the work of James Hickey and Selly Stockstill who helped in
the editorial work for these Proceedings.

Walter 5. Snyder
Publicotions Director
IRPA

Qak Ridge, Tennessee
February 1974
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RADIATION PERSPECTIVE IN THE UNITED STATES OF AMERICA

THE U.S. CONGRESS AND RADIATION FROTECTION

Congressman Melvin Price
Chairman, Joint Committee on Atomic Energy

First of all, I would like ro welcome all of you to the United States. I
hope that your Third Internmational Conference will be enjoyable and productive
as well. We are pleased to be the host country for this important event.

I am particularly pleased to have the opportunity to address you in these
opening remarks, I am acquainted in general terms with the structure and objec-
tives of your organization. I believe that it is doing important work and that
it will continue to be of importance.

It is clear to all that throughout the world man is utilizing radiation
sources to a4 greater extent each year for a variety of purposes, all of which
might be described as being under the umbrella of improving the gquality of life.
The prime examples under this heading are the utilization of radiocisotopes and
X-ray machines and other accelerators for diagnostic and therapeutic purposes in
clinical practice and 1in research. More recently there has been public atten-
tion drawn to the matter of radiation protection associated with the utilization
of atomic energy in the generation of electrical power.

It 4is perhaps ¢trite to aobserve, at least to this group, that radiation
knows no international borders., It recognizes no differences in man because of
his national origin or ethnic group. For this very reason I congratulate you on
yvour foresight in forming this International Asscciation in which you can effec-
tively interchange technical information and pursue your individual objectives
with a commonality of purpose.

The Government Structvere for Rad{iation Protection
in the United States

In this country there are at least seven separate Federal agencies having
jurisdiction in the area of providing protection against significant amounts of
radiation exposure. In addition to the Atomic Energy Commission, these agencies
include the Department of Defense; the Department of Transportation; the
Environmental Protection Agency; the Department of Health, Education, and
Welfare; and the Department of Labor. Moreover, most of our States have estab-
lished their own radiation control programs in this area. In this regard, there
has been some concern on the part of the States that the responsibility in the
protection of the publie and the worker from exposure to radiation has been
eignificantly fragmented at the Federal level. In fact, the Stares have urged
the Congress to consider this problem of fragmentation and to take the necessary
legislative action to comsolidate the various Federal responsibilities relating
to radiation and protection of the public and the worker within a single agency.

The concern of the States over the apparent fragmentation of Federal juris-
diction in this area is understandable. The Joint Committee on Atomic Energy



would, of course, be one of several congressional committees which would have a
responsibility in this area. Therefore, the Joint Committee is currently
reviewing this matter to determine the best method of obtaining the additiomal
informat ion which would be necessary for any congressional consideration of the
problem and of securling concerted actiom Ly the various congressional committees
which would be involved. | mention this because it is possible that several of
you may have the same situatlon In your own countries.

Role of the U. 5. Congress

I would like to tell you a little bit about the role of the U. 8. Congress
with respect to the establishment and enforcement of radiatlon protection
standards In thils country. Tt is appropriate that the Congress have a role in
this matter. The establishment of radiation preotection standards involves
certain considerations which are sociological 1in nature, and, therefore,
political. In our form of government the public can express its views through
itgs clected officials. Surely, the understanding of the bioclogical effects of
exposure of man to ionizing radiation requires background and technical
expertise which cannot be obtained overnight. 1In fact, 1 feel certain that many
members of the lay public would readily admit cthat as individuals they might
never understand such a complex subject. Nevertheless, the views of the lay
public concerning these matters are of interest to the Congress. It goes with-
out saying that we alsc consider as valuable input data the views of trained
sclentists from outside those agencies charged wicth the setrting of radiation
protection standards.

There are a variety of disciplines which are essential to the secting ol
radiation protection standards. These dinclude biology, genectics, physics,
hioradiology, chemistry, and many others. The prohlem is, of course,
complicated by the realization that ionizing radiation, even at very low levels,
can change the chemical and physical nature of matter and, therclby, bring about

what can be referred to as "damage." We know, of course, that man has always
lived with radivactivity and, therefore, has heen subjected to continucus
exposure at some level. The question, therefore, 1is whether the additional

increment allowable under the protectlon standard causes any significant change,
or "damage" If you like, relative to the benefit anticipated as a consequence of
the exposure.

The Congress 1in the CUnited States does its work through its committees.
This is necessary beeause the matters which come befoure the Congress are many
and wvaried. By use of the committee system, it is possible for some Members of
Congress to develop background in specialized areas and gilve greater attention
to those areas than could be given by the full Congress. The committee then
makes recommendations which are acted upon by the full Congress. A committee of
Congress which clearly has exercised its jurisdiction with respect to radiation
standards, and i believe properly so, 1s the Joint Committce on Atomic Energy.
Other Committees have exerclised roles with rtespect to establishing the
organizational scructures which are involved 1In standards sctting.

Joint Committee on Atomic tnergy

The special dnterest of the Joint Committee on Atomic Energy was drawn to
the area of radiation protection by reason of radioactive fallout which occurred
from nuelear weapons tests in the early 1950s. 'The Limited Nuclear Test Ban
Treaty of 1963 brought aboutr a considerable reduction in nuclear weapons
testing. As you know, some world powers have not signed the treaty and continue
to conduct atmospheric tests.



The Committee started detailed hearings onl radiation protection criteria
and standards in the fifties. Our hearing records for the past three decades
provide a basic source of information in this field.

The subject of employee radiation hazards, including recordkeeping, for
example, was given extensive examination by the Committee in 1959 and 1966. The
special problems of exposure of uranium miners and problems associated with the

accumulation of uranium mill tailings were treated in hearings held during 1959,
1967, 1969, and 1971.

On the subject of possible radiation exposure tfo the public as a conse-
quence of routine operation of nuclear power generating statioms, the Committee
held extensive hearings in 1969 and 1970 under the title of "Envirommental
Effects of Producing Electric Power.'" Testimony was received on  the
environmental dimpact resulting from the operation of all kinds of electric
generating stations.

The record of these hearings consists of over 3,000 pages of testimony and
pertinent appended material. We have been unable to £ill all of the reguests
for copies of these hearing records. It was brought out in these hearings that
the record of operation of nuclear power plants clearly indicates that they can
be operated so that routine relases of effluents can be held to quite low
levels, in fact, substantially below levels allowable under the Federal exposure
guides. Subsequently, the Atomic Energy Commission proposed design criteria for
light warer nuclear power plants which would have as their objective keeping
effluents from these reactors to levels which are 'as low as practicable.”

The Commission is currently, through an appointed board, conducting a rule-
making hearing on this subject. The Commission Staff has prepared and issued an
environmental impact statement with respect to the proposed rule. The objective
of this action and the concomitant engineering accomplishment of the nuclear
industry have been such that there has been no substantive comment or objection
to the proposed rule by envirommentalists.

While on the =subject of nuclear power plants, I would like to point out
that the Joint Committee has scheduled public hearings beginning on September 25
on the subject of nuclear reactor safety. We anticipate that during these and
subsequent hearings we will be getting into substantive matters concerning the
risk of nuclear acecidents, and we anticipate a rather complete examination of
the Commission's Reactor Safety Research Program. This phase of our hearings
will provide an opportunity to the Executive Branch of our Government to put on
the public record a concise presentatien of all matters related to reactor
safety. During a later phase (probably within a month er two)} other interested
parties will be given an opportunity to present their views. This will include
representatives of industry, representatives of envirommental groups, members of
the scientific community, and the public at large.

A point which T would 1ike ro make at this juncture is that the Joint
Committee, in the case of each of the aforementioned Commitree hearings, has
published and made freely available to the public a hearing record which
presents the views of witnesses, both pro and con, on these wvariocus matters
relating to radiation protection. I am sure that many of you are familiar with
these publicaticns and that a number of you here today have actively partici-
pated in the many hearings which have been held.

History of the Federal Radiation Council

The Federal Radiation Council was established by Executive Order of the
President in August of 1959. In September of that same year the Council was
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made sStatutory by an amendment to the Atomic Encrgy Act. The Joint Committee
felr that it was appropriate Lhat this council, as an advisory DLody to the
President, have a charter provided for by statute In order that the importance
of its role be firmly established at the outset of its existence. The Council
was made up of heads of the Federal agencies of the Government concerned with
radiation protection standards. 'T'he detailed work of the Council has been
performed by a working group drawn from the staffs of the Federal agencies
having membership on the Council.

The Council was formed in recognition of the fact that previously therc had
been no governmental body responsible for the establishment of radiation pro-
tection guides. The guides established by a nongovernmental body, such as the
National Councll on Radiation Protection, were being utilized by the Government
in the conduct of its business and other activities where Federal regulation was
imposed upon the activities of others relating to radiation.

In the {all of 1970 an Enviroomental Protection Agency was estahlished
within the Executive Branch of the goveroment and charged with rthe responsi-
bility of advising the President with respect to radiation matters dircetly ot
Indirectly affecting health, including guidance for all Federal agencies in the
formulation of radiation standards and in the establishment and execution of
programs of cooperation with the States. We in Congress have heard 1ittle from
the Envirommental Protection Agency concerning the manner in which It is
carrying out the functions of the Federal Radiatlion Council which was absorbed
under the 1970 reorganizatlion. It may now well he approprlate [for the Commlttee
which I chair to examine the manner in which the perseribed functions of the
Council are now being carried out by the new Agency.

¥ational Council on Radiation Protection and Measuremcnts

I feel that it is safe to assume that vou are all well acquainted with the
work of the N¥ational Council on Radlation Protection and Measurements and 1its
forerunner, the HNatiomal Committee on Radiation Protection and Measurements.
The earlier committee begalin its work In 1929 and has collected, analyzed,
developed, and disseminated Information and recommendations on radiation protec-
tion and measurements throughout the years.

In 1964 the Congress granted the BNCRP a Federal charter. My colleapnue,
Coangressman Chet Holifield, was probably the o¢ne man 1in the Congress most
responsible for bringing about this legislation which provided for the
continuing independence of the NCRP while, at the same time, gave an identity ta
the Council which It had not previously had.

It 1is certainly an understatement to observe that the work of the KCRP has
been invaluable to the establishment of radiation protection guides 1in rthis
country., We din the Congress are well acqualnted with Dr. Lauriston Taylor,
President of the WKCRP, and many of his colleagues who serve on the Council, We
on the Joint Committee have had the benefit of having his testimeny and counsel
on radiation matters for many years. I feel sure that those in the positlon of
respousibility  for establishing Tederal radiatioen protection guides in this
country appreciate the Informacion and recomnmendations of the Council.

As most of you know, In the Fall of 1969 there was considerable gquestioning
of the adequacy of the Federal Radiation Protection Guides. Some members of the
scientific community belicved that since the conduct of activities involving
radiation was quite feasible at radiation exposure levels considerably below the
giuides then in heing, that rthe guldes should automatically be lowercd by a
factor of 10 or even 100 — all of this, notwithstanding the fact that no
biological data had been produced Indicating any unfavorable health effects
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resulting from the low levels of radlation exposure allowable under the guides.
The NCRP, it turns out, was just completing a l0-year study directed toward
reassessing the adequacy of the then current radiation protection guides. The
conclusions of the Council were to the effect that on the basis of past and
presently available scilentifiec data there existed no reason to modify the guides
in any substantive fashilon.

It was 1Interesting to me perscnally to note that in testimony received by
the Joint Committee during the Spring of this vyear, Atomic Energy Commission
wltnesses pointed out that a scientific experiment to assess any possible
biological consequences of expesure of humans to 1700 milliroentgens per year
(10 times the amount provided for in the present population protection guide)
would require the utilization of 8 billion mice. In other words, an almost
impracticable number of experimental animals would have to bhe observed over
several generations in order to bring out any possible somatic or genetic
implications.

Even to & layman, the wvariation in background radiation exposure which
exists throughout the world {factors of l0 or more in some places) would suggest
that any unfavorable effects resulting from such low levels of radiaction would
have become evident in man himself, Thus, it would not appear necessary or
practical to go to the extremes of examining billions of mice at very low
exposure levels and then extrapolating whatever we leain to man. In fact, 1if
there dis an effect, we should be able to observe it in the human data which are
available to us on longevity, the occurence of cancer, and other possible
adverse effects of radiationm.

Proposed Reorganization with Respect to Energy

In June of this year the President sent an energy message to the Congress
which had as a principal element a tecrganization of the executive agencies of
our (Government in a manner intended to bring abour more centralized control of
research and development in the energy field as well as greater control and
direetion d4n the utilization of cur natural resocurces. Later, a reorganization
plan was submitted in the form of a legislarive proposal which is now before the
government operation committees of both houses of Congress. My esteemed
colleague, Chet Holifield, a member of the Joint Committee on Atomic Energy
since ite origin in 1946, is the Chairman of the House Government Operations
Committee and has already begun the conduct of public hearings on the proposal.
In Chairman Holifield's words:

"We . . . will need time to study this proposal in dectail.
We will have to determine whether it is well-considered and
deserving of acceptance. Undoubtedly there will be some
modification. The Congress will want to be assured that this

is a workable organization, one which will perform with realism
and competence."

driefly, the proposal would create a new Department of Energy and Natural
Resources (DENR} based upon the present Department of the Interior. That
partion of the Atomic Enerpy Commission conerned with the raw materials uranium
and thorium would be moved to this new Department.

A new agency, the Energy Research and Development Administration (ERDA),
would be established as the key pgovernment agency for research and development
in all forms of energy. It would be founded upon the broad scientific talent
and experience of the Atomic Energy Commission and 1its national laboratories.
It would fund and carry out research and developrment in all forms of energy,



assigning the priorities in a manner which would hopefully achieve the proper
balance to solve both our near-term and long-range energy needs.

The 1licensing of nuclear facilities and related activities of the present
Commission would be moved to an independent ¥uclear Energy Commission (NEC}.
This would eliminate the old bug-a-boo of a single agency (as in the present
AEC) being responsible for both the develepment and regulation of nuclear
reactors. There are pluses and minuses which can be enumerated for having both
functions carried out within a single agency and likewise pluses and minuses
with respect to separation of the functions. The Joint Committee has long been
aware of the desirability of a separation at the proper time.

In summary, the depth and magnitude of the U. §. Congress’s interest and
concern in your special area of interest is obvious. I have rried to point out
our efforts to obtain every available fact on radiation for our guidance in
legislative actions. I think this is obvious from the extensive hearing record
the Joint Committee has developed. One of the prime sources of infermation we
have utilized and we must continue to have access to is the specialized talents
of your organization. My plea is that you do everything possible tc facilitate
access of each of your legislative bodies to this information. Only in this way
will we get the best laws on radiation protection.

I should not conclude without a few remarks concerning the confrontations
and controversy which exist in many fields of activity at the present time. bi
think we must all bear in mind that this sort of thing should not be unexpected
in these days of highly improved communication equipment and communication
services, Members of the publie, individual scientists, and others have every
right to be heard on matters which concern them. If their views have merit,
they should be seriously considered, but this does not itself assure them of any
right tec delay or obstruct development programs or construction projects without
good cause.

A special word about critics is in order. Critics are important., Con-
structive criticism has long had a place in our society, and it should by all
means continue to be an integral part of the decision-making process for it is
the well-spring of improvement. Informed and responsible crities have made
valuable contributions to our social, economie, and political structures, and I
am confident that thoughtful and objective citizens will continue to suggest
worthwhile concepts and changes. Responsible critics are those who get their
facts straight. They insist on satisfactory and complete answers to their
concerns. And when such satisfaction is provided, they react with Integrity.

1 am afraid, however, that some have confused the real thing with its
opposite number and have spawned a school of thought which subscribes to the
tenet of Mcriticism for the sake of criticism." In turn, this has enhanced an
environment and sensationalism where innuendo and insinuation have then been
substituted for reason and rational judgement. Frankly, I believe we can all
profit from the adage, "Come, let us reason together."

Cne problem which 1s evident in a number of the current controversies is a
feeling on the part of some that every determination that is made must be based
upon all of the possible data which could be gathered pertinent to the determi-
nation. I believe that Judge Arraj put it very well in his decision of March
1970 concerning the Rulison case in the District Court in Colorade when he said:

"The field of radiation protection is contantly changing with
the appearance of new scientific knowledge on the bioclogical
effects of ionizing radiation. Careful decisicns must be made 1in
the context of contemporaneous knowledge. Such decisions cannot
be indefinitely postponed 1if the potentials of atemic energy are
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to be fully realized. All that is required to establish reason-
ableness of the decision setting a standard under the statutory
directive to protect the public health and safety is that it be
carefully in light of the best of available scientific know-—

made:
Absolute certainty is neither roquired nor possible.”

ledge.

pvint of view is applicable to many human cendeavors —-

This philosophical
yaur group together for this

beyaoud the field of expertise which bhrings

confercnce,



RADIATION PERSPECTIVE IN THE UNITED STATES OF AMERICA

Ralph Nader
Public Interest Research Group
Washington, D.C.

I would 1like this morning to discuss briefly some of the issues that
nuclear power plants and X radiaticn in particular pose to the consumer movement
in the United States. After all, consumers are ta be either the prime
beneficiaries or the prime victims of this source of risk and, wuntil recently,
they have not been even minor beneficiaries of adequate information or adequate
participation in the decisions that have been made.

Qur country rests 1ts premise about our economic and governmental structure
on cirizen and consumer participatlon - not just at elections, but In between
elections - not just on Congress, but on regulatory agencies at the Federal,
State, and local level. Over the years a great deal of faith has been placed in
the scientific and govermmental establishments dealing with the use of x radi-
ation. There has been a great deal of faith in the policymaking apparatus deal-
ing with the development and promotion of peaceful uses of atemic energy. That
faith has rested on ignorance. It has rested on as absolute a delegation of
citizen responsibility to government and teo professionals as has ever occurred
in the history of the United States.

In the last few years the hazard of deploying faith based on ignorance has
become Increasingly apparent. It started with the very late revelation of the
occupational risks to uranium miners; a hearlng, which the Joint Committee on
Atomic Energy filnally held in 1967, bringing out facts which should have been
brought out years earlier. This revelation was followed by a series of
disclosures relating to medical and dental x-ray exposure in the Unlted GStates
Congress, preceded by a number of articles by a few health physicists and
radiclogical technlecians who spoke at their own professional peril.

The Radiation Control Act of 1968, supposedly put the Department of Health,
Education, and Welfare into the business of setting standards fer medical and
dental x-ray machlnes and taking the lead in upgrading the performance of beth
technicians and medical personnel and used machinery; but that Act has suffered
in 1ts aftermath from the same kinds of deficient constilituency and awareness
that led to 1ts enactment.

As far as we know, x radiation from medical and dental machines present the
bulk of present radiation exposure to the American population. We know that
dentlists and doctors and thelr assistants handle these machines in a framework
where the patlent or the consumer is not expected - is not encouraged ~ to ask
questiony, much less to receive the answers about how well these machines have
been checked, about how qualified are the operators of these machines, and about
a number of other is-ues dealing with the use of these machines In dlagnosis and
treatment.



It has not been realized throughout the public that when it comes to radia-
tion, lonizing radiation, the old saying that "every little bit counts" 1is
directly applicable. Another phrase might alsc be applicable; that when it
comes to this kind ef radiation, "even if it doean't pinch, it hurts.™

Unfortunately, the public views trauma and other forms of industrialized
viclence largely as it has viewed street crime; 1if these do not provoke
immediate sensory pain and anguish, they do not provoke public concern.
Tornadoes and fires provoke immediate paln and anguish; low level radlation,
with a few exceptions, does not. Radlation 15 a form of new and silent
viclence, at least -as it comes from an Industrialized economy, and mnot natural
background. It 1is a new and silent form of cumulative violence that does not
provoke Immediate pain or anguish, therefore does not produce any Iimmediate
concerned constituenecy among the public. Thia means that our intellectual
appreach has got to be one that analyzes rtlsks and probabllities and
alternatives and remedies and that unlike street crime, it can not rely on a
visceral and sensory response for the public's arousal and cencern.

The medlcal and dental x-ray experience relating to the Radlation Control
Act of 1968, I think alerted many people in this country that the assurances
that had been given for years just weren't so. Inatead, there 1s a disgraceful
lack of systematic inspection, effective deslgn, and of operating care; and the
patients are exposed to ten times or more levels of ionizing radiarion,
unnecessary to fullfil the functions of the X ray in terms of taking a clear and
adequate picture. This astounded many people because the professional corps had
dissented very little up to that polnt. However, when thils dissent began, the
proceases of Congressional hearings and legislation moved with almost incredible
swiftness. That's a good lesson, perhaps, for health professionals to learn;
that when knowledge is focussed on the Congress by people who have been working
in these areas, who have not felt sufficiently free to be candid, that knowledge
can be translated into policy awareness. I know no other imstituticm in the
U.S, Congress that has been more deprived, and thar has delighted in being
deprived of knowledge, of risks, probabilities, and alternatives, than the Joint
Committee on Atomic Energy.

This abdication leads to the second section of my remarks relating to
nuclear power plants. Kuclear fission power plante, fission; 1ncluding the
breeder proposal, have suffered the pain of a certaln type of success. Whenever
a new technology delivers its commercial objective {in thie case, electricity},
the risk of developing that technology in an imbalanced way increases when it
relates to the costs to present and future generaticns of such a technology. It
runs the risk of d1mbalancing the development of alternative technologies for
energy because of 1ts unquestioned success In producing electricity.

Once again the same pattern was repeated; a corps of professionals and
government cfficials and later members of industry were bullt up around the
promotion of nuclear power. The Atomic Energy Commission had the dual and
conflicting role of promoting this peaceful use of atomic energy and
srfeguarding 1t at the same time. It embarked on a masslve research and
diwelopment project, benefiting from weapons regearch, as well as the nuclear
reactor R&D program, and then transferred this knowledge and this hardware to
the private utilities and the reactor manufacturers, directly and dindirectly.
Then the peculiar jargon of the atomic energy world began to be developed. In
the 60's when questions were asked by the very few, the answers were '"the risks
are negligible,” or "although there 1is a possibility of an accident, it is very,
very unlikely to ever happen.'

It 1s interesting to note that the jJolt of the atomic emnergy establishment
came almost accidentally from two sources: (1) Conservationists' concern over
thermal pollution and (2) a statement by Dr. Ernest Sternglass about the number
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of people, Iin terms of present and future generations, who would be seriously
exposed to radiation from these plants. His estimates were consldered so out-
landishly wild that the Atomic Energy Commission commisaioned Drs. John Gofman
and Arthur Tamplin, members of an AEC laboratory, to refute him. In refuting
him, they still came out with a level of risk estimate that was atill considered
outlandigh, particularly by the Atomic Energy Commission.

It 18 interesting to know that those two controversies sre no longer the
most serious ones relating to nuclear power plants; that the controversies now
have apread into almoast every nook and cranny of this technology. What most
provokes the AEC, the reactor manufacturers, and the utilities are guestions by
the public that have not been answered. The response of the Atomic Energy
Commission to these questions has been filled with 1inuvendo, insinuations, and

gensationalism, and a great desl of =secrecy. The AEC has not accepted a
critical and cardinal foundation of ocur system cf law - from the English common
lsw to the present-day statutory law = that the burden of proof for going

forward with a technology 1s on the promoter, not on the potential victims.

ind so 1in the following areas we are faced with grave and unanswered
questions and often grave and totally insupportable performances:

1. Power Plant Siting Policy. We have only to look to England to see how
disasterous our siting policy has been in locating these plants inr the
suburbs and near large metropolitan areas. In England, I understand,
the siting policy hes been to locate nuclear power plants much further
away from metropolitan areas., In Sweden, we have the reverse; there
is even a proposal to build one of these plants in downtown Stockholm.
Moreover, plants have been designed or are already bullt only a few
miles away from major Swedish citles, 8Siting, a classic i1llustration
cf what happens when the government ignores the people in terms of
their rightful role in decision making. They are the ones who have to
live near these plants. They are the ones who will receive the most
intense exposure in case of an accldent.

2, Meltdown and Emergency Core Coolant System. This problem has received
the most publicity; the problem of meltdown snd emergency care ccolant
8ystem. It 18 interesting to note that this issue was brought to
public attention by a group of scientists, lawyers, and environmental
citizens whose action led to the public hearings by the Atomic Energy
Commission, which led to the first opportunity for a number of Atomic
Energy Commission scilentists to say what they should have saild, snd
perhaps what they wanted to say publicly months, if not years prior,
about the iInadequacy of the Emergency Core Ccoling System (ECCS) and
the inadequacy of the safety and research progrsm that was supposed to
insure the ECCS's predictable deployment in an emergency.

3. Thermal Follution. In this problem we have a very interesting
conflict between State and Federal jurisdictions. T would expect a
far more aggressive posture by the States i1in asserting their
jurisdiction generally notwithstanding the recent Supreme Court
decision denying 1it. That assertion may well come in the form of
Congressional proposals as well as renmewed State actlom.

4. Fuel Processing. On the question of the fuel processing plants, there
has been probably less informetion publicly avallable than on the
reactors themselves. Here the question of the trsnsportation of
radicactive materials is a criticel one. A recent General Accounting
Office (GAQ) report noted a number of deficiencies dealing with the
contailnerization and transportation practices. The GAQ, as has been
i1ts tradition since the clampdown by Congressman Chet Holifield in
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1965, does not mame names. The GAO, however, does, and did 1n this
Instance, point to a number of unknowns, hazards, and deficiencies to
which the Atomic Energy Commission should pay heed. But that, to me,
is & drep 1n the bucket in terms of further inquilry by the Congress,
hopefully, sbout the tranmsportation risks here and the exposure of
rgdicactive materiale to waylaylng nuclear highwaymen.

5. Wgste Disposal. The problem of waste disposal is perhaps the most
nagging technical problem cf all, Once agaln, we have a classic
1l1lustration of golng forward with the benefit of the technology and
walting and hoping and believing that the waste disposal problem will
be solved sometime along the way. The containment of incomparably
deadly materials such as Plutonium-239 from the enviromment for half a
million years i1s a worthy task only i1f the society's survival 1s at
stake. Instead, such waste makes society's survival the issue.

6. Earthquakes pose a problem which has plagued the utiliries in
California.

7. Sabotapge and Theft pose a considerable risk.

B. Economlc Costs of maintaining these plants are rising and causing con-
cern among the utilities.

Witness the Tecent speech of Mr. Rodus, who 1s the President of Consolidated
Edlson In New York City and the more recent public discussion of the d1nsurance
of these plants. It 1is i1nteresting tc note that in our country's history,
insurance coverage has always been consldered a deterrent to hazardous practices
in the sense that if the technology is too dangerous, it won't be able to pet
insurance. and if 1t can't get insurance, it would not operate. But, once
again, the foresight of the nuclear power establishment led tc the enactment in
1957 of the Price-Anderson Act, which limited the overall 1iability of a nuclear
power plant accident to a current $560 million level, with the private inmsurance
participation under the 5100 million level. The inadequacy of this insurance
coverage may be compared with a 1965 Atomic Emergy Commission sponsored report
(it was not released until this year), that a big accident im an average sized
nuclear plant would lead to 45,000 deaths, over 100,000 injuries, and §17
billion worth of property damage, Seventeen blllion dollars worth of property
damage 15 a long way from a limited $560 millicn dollars that the Price-Anderson
Act atipulates.

There have been throughout an increasing level of "“leakage,” not only of
radioactive waste, but of Atomic Energy Commission documenta. These documents
have been showing that there have been people lnside this world of atomic energy
who have been very seriously concerned, but who have not felt free enough to
speak out. The words ''near misses' have occurred in these documents and, cer-
tainly, there is now quite s long list of ''near misses," quite a long 1list of
minor accldents that could have been blg accidents.

It 1s perhaps Instructive to our country that there would not be a single
nuclear plant 1n operatlon today if 1t were left up to the free market, The
nuclear technology would mnot have been developed without government {(that,
perhaps, 1s not too astounding, given the 1nvestment levels required). More
glgnificantly, however, 1s that these nuclear plants would not be in cperaticn
today without government interference via the Price-Anderson  Act, As
Commiassioner Herbert Dennenberg of Pennsylvania, and the State's insurance
department, sald at recent hearings, and as Professor Harold Green also stated
at those same hearings, "without the Price-Andersonm Act, without the limitation
of 1liability, no utility could afford to operate a nuclear power plant."
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And 8o, the consumer pays going and ceming, The consumer pays through his
or her taxes for this $30 billicn R&D program developed since World War 1I, and,
without adequate insurance coverage the consumer psys in the event of an
geeldent,

This brings me to the subject of the health professionals. 1 think 1t
could be sald categorically that there would not have been a Radiation Control
for Health and BSafety Act of 1968 without possibly three health profesaionals
participating, led by Dr. Karl Z. Morgan, then of the Oak Ridge National
Laboratory. The technical information which broke through the barriers of
fraternal secrecy and reached the public waa absolutely a prerequisite for
Congressional concern and action in this area. The Aet haa not worked well, but
at leaast there is the suthority on the atatute books to make 1t work much
better.

Why haven't we been hearing more from health physicists in all theae areas,
particularly nuclear plant operational risks? I think one reason is that they
are not given enough decislon making power at the plant level or in the councils
of govermment. Bureaucratic leaders still conmsider them to be technical miniona
rather than coequal partlcipante in fundamental and derivative decision making
procesaes. The need to develep an independent ptofessional base for health
physiciate then 1a ecritical; that 18, independent of their occupational or
employment base., They will not be able to speak and to participate according to
thelr beat knowledge, 1f they are restricted by contemporary organizational
pressures, both corporate and governmental, I would urge that heealth
profesalonals in the health physice community seriously consider establighing an
independent, technical base of technology assessment and advocacy according to
the highest canona of their professional missicn and relating this work not only
to nuclear plants, medical and dental x raya, but slso to new consumer products
that ralse questions industry is not constrained to answer,

Now, 1in conclusion, the usual evaluation cf nuclear power plants has been
in a benefit-rigk frame of reference with the benefit considered great and the
rigk "negligible,” I think there are a number of areas we can all agree on
verbally; whether we can agree in terms of action i1s another thing.

The firat is that there is an intolerable level of asecrecy surrounding this
matter, which only recently has been broken by court decisgion, by deposition, by
externally forced publlc hearings, and by information leaks. The suppresaion of
the 1965 AEC estimate of damage from a nuclear power plant accident is a
significant case 1in point of guch aecrecy, particularly the internal dialogue
about how to release this information, whether to release it, how much to gilve
to the Joint Committee on Atomic Energy, and sc forth.

Second, we need a far more aggreasive pocature by the Joint Committee on
Atomic Energy. Some people in the consumer and environmental areaa believe that
the Joint Committee on Atomic Energy has permitted such a deterioration in thia
area that it now haa as its opportunity the proepect of saving thia country.
Nuclear reactor peril i1s, of course, of tremendous consequence to not only
present but future generationa., The Joint Committee might well heed Alfred
Whitehead's memorable dictum when he counseled the scientific world to alwaya
have before them the option for revision -~ the option for revision of theories
or hypotheses.

At the present time, the Atomic Enmergy Commission, the reactor manufac—
turers and the utilities have not proved thelr caae. Some might say they have
only done 80 in a negative way, 3But, they have not proved their case, and the
right of the consumer to have these questions anewered so that the consumer
realizes (1) what the risks are to himself and to future generations (he or ahe
might care about their children and grandehildren) and {2} what the alternativea
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are 1n terms of other energy sources, greater energy censervation and more
explicit energy allocation; and he might also want to know  what his
participation rights are when a nuclear power plant or a waste disposal depaot is
proposed for comstruction under the licensing procedure,

Philosophically one might ask the following question: "Under what
conditions should a soclety ever engage in the deployment of a technoleogy which
has to be perfect forever, such as &a nuclear power plant, because the
alternative is massive social disaster now and i1into the future?” In my
Judgment, the only condition when a soclety should engage in such a deployment
is its utter survival, and nuclear power is not utter survival. Nuclear fission
power 15 one appreach., There are other approaches - solar and geothermal among
them.

Perhsps the greatest cost of putting all our energy egges for the future in
cne fragile nuclear basket is that the government has not deployed its billions
in developling other options, whether these be geothermal, solar or until
recently, fuslon energy, or other altermatives. This 1s why I think the United
Ststes, as the leader Iin nuclear power development and sales, has got to rethink
its programa; rethink how it allocates ite tsx dollars for developing other
energy sources, and to rethink 1ts obligation of aggressive sales of nuclear
reactors with export bank financing to underdeveloped countries where the
technical infrastructure 1s far, far less adequste to care for edtimable risks
frem the aiting to the waste disposal of radicactive materials.

I would 1like teo conclude with one hope directed to Chalrman Melvin Price of
the Joint Committee on Atomic Energy. He 1s aware of my disagreements with
Congressman Holifield, and I am sure he 15 aware that the Joint Committee has
not opened up its hearing proceases to consumer and environmental testimony as
it now intends to do under hie directilon in October. As of January 1964, these
hearings have neither been held nor scheduled. But, I would hope that 1Lf
Chalrman Price 1is not convinced by recent disclosures of the need tc consilder a
"go-slow'' program at the very minimum, that he will at least focus on the need
to ask the tough questlions of the Atomic Fnergy Commission snd to demand the
answers openly snd on the public record for the ecientific, environmental,
conaumer communities to scrutinize, to cross-examine ard to follow up. The risk
is not cne to which only a selected few sre exposed. It is a risk for mankind.
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PERSPECTIVES ON RADIATION RISKS

Ralph E. Lapp
Industrial Consultant and Science Writer

Gertrude Stein, looking over your program for this conference, might well
sum it up, "A man-rem is a man-rem is a man-rem." This might be an assault on
Women's Lib —- a double assault if the feminine perception unmasks the wiles of
the roentgen-equivalent-man.

It seems to me that full understanding of the man-Tem concept will make
socliety aware of the need to balance radiation risks. We must he concerned with
the man~rem as a unit of national exposure and conclude that the consequences of
radiatien risk-taking should be evaluated independently of the radiatlon source,
We should not discriminate between man-rems from radicactive fallout, from
nuclear power plant effluents, or from diagnostic x rays.

The BEIR! report which your organization has so wisely taken as the main
tople for discussion today needs to be translated from the technical jargon of
the radiation specialist and injected into the publlce discourse. This is not an
casy undertaking, for the nature and dimension of things familiar to scientists
is strange territory fur the average person.

The BEIR Translation

The great value of the BEIR report is that it systematically reviews the
data on somatic and genetic effects of ionizing radiation and provides wus with
an understandable linkage between radiation dose {(man-rem) and Injury te humans.
Your organizarion will be discussing the genetic effects in detail, so I shall
confine myself to somatic effects. Here the BEIR translation reads:

"Continuous exposure of a population of 1 million perseons to the
level of 1 rem per year may result in the incidence of 150 to 200
cancer deaths per year."

1 shall make the assumption the 200 figure is valid.

You have titled this sesslion "Radiatlon Perspecrive In the United States of
America,” and I shall proceed Lo address this issue on the following basis:

(1) That the BEIR man-rem dose to cancer-death response applies to very
low levels of radiation.

(2) That perspective may be achieved by extrapolating human exposure data
to the year 2000,

I shall not attempt to leap into the 21st century, even though it may happen
that certain sources of ionizing radiation relased in this century will persist

inta the next. I plan to rely on the U.S. Environmental Proteetion Agency
report ORP/CSD 72-1, "Estimates of Ionizing Radiation Doses in the United States
1960-2000," as a dala base with some modification., I shall use 1 million man-

rem as a basic unit and distegard all sourees of dose very much less than this
unit.
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Natural Background Radiation Risk

The average whole-body annual dose due to the natural background radiation
in the United States is taken to be 0.13 rem. Cosmic radiation dose increases
with altitude and is taken as 0.045 rem per vyear for the United States.
Radiation emanating from terrestrial sources external to man averages about 0.06
rem per year, while the internal radiation dose, primarily "0k and 210po plus
227pyy averages 0.025 rem.

Within the 50 States the external dose to man varies from a high of 0,225
rem per year in Colorado to a low of 0,075 in Louisiana. Adding in the intermal
dose contributlion, we see that the natural background radiation variles from
about 0.1 to almost 0.3 rem per year within the borders of the United States.
Man, of course, alters his enviromment and lives in structures of varying
radicactive content, thus inereasing his external dose,

. The present U.S5. man-rem doge from natural sources of radiation is taken as
27 million man-rem, and by extrapolation to a year 2000 population?® of 280
million T arrive at an end-of-century dose total of 36 million man-rem. The
cumulative 30-year dose approaches 1 billion man-rem, and this equates to almost
200,000 cancer deaths. This figure represents about 1 percent of the
gpontaneous cancer deaths due to all causes.

One might be tempted to look for some correlatlon in the cancer deaths in a
city like Denver and a sea~level city with half the natural background, but this
ie a signal-to-nolse problem that raxes the ingenuity of the blogtatistician.
Morecver, It turns out that lower level cities may exhibit higher rates of
cancer mortality.

Radicactive Fallout Risks

Global drizzle or protracted fallout from debris introduced inte the
stratosphere by atmospheric tests of mnuclear weapons 1s, 1like the narural
background, an unavoidable source of radiation exposure. Beginning with the
high-yield megaton-class weapons detonated 1n 1952, there have been additions to
this stratosphere burden of radicactive material. France and China continue to
add to this source of global contamination, but the other nuclear powers agreed
to a Limited Nuclear Test Ban in 1963. It will be recalled that grassroots
support for this ban came from wildespread public fear of fallout, symbolized by
strontium-20,

Strontium-90 is a bone-geeker having a radiocactive half-1ife of 29 years
(138 curies per gram). A person born in 1954, the year when the U.S. initiated
high fission-yield megaton tests in the Pacific, would accumulate a dose to the
bone of aboutr 1.2 rem by the end of the century.

Cesium-137, half-1ife = 137 vyears, deposited on the ground is the major
gource of external radiation from fallout. Other shorter=-lived emitters
contributed to the human dosage in the 1950s and 1960s. For example, in the
U.5. in 1963 the total gamma radiation {external) plus dosage due to internal
uptake of fallout nuclides preoduced a 0.013-rem dose per U.S. individual. This
decreased to 0.004 rem 4n 1970, and it 1is assumed to increase sglowly to 0.005
rem in the year 2000. The present l-million man-rem dose per year is expected
to reach 1.4 million man-rem at the end of the century. The 30-year dose 1is
estimated to be 34 million man-rem, corresponding to a total of 6,B00 cancer
deaths of fallout origin.



Radiation Risks in Jet Travel

The demands of modern living make it almost an involuntary act to travel by
jet aircraft. Scheduled airlines in the U.S8. customarily seck altitude in the
25,000- to 35,000-foot altitude range or higher for purposes of passenger
comfort and fuel conservation. At such altitudes passengers are exposed to an
average of roughly 0.004 rem per hour3. In 1971 domestic air rravel Im the
U.$. ameounted to 106 billion passenger tevenue miles on scheduled carriers®,
Air travel of this type increased over tenfold in the past 20 yearsS, and on the
basis of a recent Department of Transportation reports I estimate that the
annual radiatien dose to U.S. air travelers will reach a 2-million man-rem total
by the year 2000.

A 2-million man-rcm dose per year would mean an annual cancer fatality rate
of 400. To put this in perspective, CHART I illustrates the historic pattern of
airline accldent mortality. The lower curve plots the annual deaths due to
accidents on scheduled airlines and indicates that the public Is willing to
accept airline fatalities at a rate of about 200 per year. The upper curve
records the annual [atalities experienced in 0.5, c¢ivil aviation; it would
indicate that private parties are willing to accept an almost tenfold higher
annual level of air fatality.

Extrapolation of the scheduled carrier mortality rate to the future is
problematic, but with the increasing dependence on high-density flights, partly
as a result of diminished availability of jet fuels in the future, the United
States might well experience annual fatality rates approaching 1,000, At such a
level the radiacion risk would be less thanm half that [or fatal accidents, and
presumably the Surgen General would not require imprinting "AIR TRAVEL INVOLVES
RADTATION RISKS HARMFUL TO YOUR HFALTH" on your air ticket.

Medical Diagnostic Radiation Risks

The present annual dose from medical diagnostic pratice in the U.S. cxceeds
15 million man~rem. Assuming that there is no significant change In the use of
Xx rays as a diagnostic tool, then it is expected that the national dose will
reach 20 million man-rem by the year 2000. A 30-year total of scomewhat more
than 500 million man-rem corresponds to 100,000 cancer deaths, although it is
true that not all can be considered "extra" since the radiclogy might not be
specific to the patient's cancer.

Assuming that all 100,000 cancer deaths are actually iatrogenic, it is per-
tinent to place some sort of dollar value on a human life. This Is an uncertain
calculation, but there is legal precedent for estimating such a dollar value in
court cases. Often an estimate of 20 years life-income denied is used, and
awards in the range of $300,000 are made. (Assessment of the lifelong cost of
maintaining a genetic defective would involve much larger sums, but only somatic
radiarion effects will be considered here.} On this reckoning the societal cost
of excessive x radiation may be computed. One, of course, has toc make some
estimate of "excessive,” and I shall assume that 50 percent of the diagnostic
dose Is unnecessary and that proper technique and well-regulated x-ray equipment
could produce the desired diagnostic results. With no attempt at precision, but
only to scope the problem, I estimate that 250 million man-rem multiplied by 560
per man-rem represents a $15 billion cost In the United States for the 1370-2000
period.
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Nuclear Power Effluent Risks

HYere in the United States there has been rather heated controversy about
the radiation risks posed by nuclear radiceffluents. It should be understood
that routine release of radicactivity from a nuclear power plant is basically a
matter of fuel clad failure with subsequent entry into the primary coolant of
certain fission products. Release of short-lived noble gases is subject to
temporary holdup to reduce the effluent activity., All U.S. nuclear power sites
are subject to independent radiation monitoring, and the environmental surveys
of the environs are available to the public.. Critics’ of nuclear power have
charged that nuclear power effluents would permit irradiation of the U.S.
population to the extent that 32,000 extra cancer deaths would be incurred
annually.

The Atomic Fnergy Commierion publighed earlier this year a projective
evaluation of the radiological consequences of a large reglonal nuclear power
plant operation in the year 2000 after having circulated a draft report of the
study to critics. This WASH 1209 report? concludes that, ""The average radiation
potentially received by the total body of an individual in the study area in the
year 2000, resulting from the operation of the assumed facilities, was
calculated to be 0.17 millirem."

This AEC projected dose rate would yield 0.05~million man-rem dose to the
U.S. population in the year 2000, corresponding to 10 cancer deaths per year.
The 1970-2000 total would be about 90 cancer deaths associated with nuclear
power, according to the dose-risk relation of the BEIR report.

The question of dose commitment of long-lived radionuclides introduced into
the enviromment by the year 2000 is beyond the scope of my discussicn. However,
I call your attention to two very useful treatments of the nuclear fuel cycle:

ENVIRONMENTAL SURVEY OF THE NUCLEAR FUEL CYCLE, U,5. Atomic Energy
Commission, Directorate of Licensing, November 1972.

SITING OF FUEL REPROCESSING PLAKTS AND WASTE MANAGEMENT FACILITIES, Oak
Ridge National Laboratories Document ORNL-4451, July 1970.

Nuclear Power Plant Accident Rigks ~- Siting Policy

Public cpposition to nuclear power has recently concentrated on risks ssso-
ciated with a catstrophic accident; i.e., a Class 9 accident according to the
AEC's 1 to 9 classification of reactor accidents. I canunot do more than survey
some of the highlights of this preoblem of a low-probability high-consequence
accident, I call to your attention the fact that the Atomic Energy Commission
will publish sometime next year a detalled analysis of Class 9 accidents,
including both the probability of accidents and estimates of the extent of their
consequences. In 1957 the AEC did ©bring out WASH-740, T"Theoretical
Possibilities and Consequences of Majoer Accidents in Large Nuclear Power
Plants," but to use a Washington word, this report is considered "inoperarive"
today.

The lack of an authoritative and realistic evaluation of radiation risks
attending major reactor accidents has allowed antinuclear spokesmen to sieze
upon the "worst case' postulated by the WASH-740 report and to focus on it as a
probable occcurence. It 1e true that power reactors today are seven times more
powerful than the 500-megawatt plant assumed in the AEC's 1957 study. Moreover,
populations at risk in the vicinity of nuclear plants have grown since WASH-740
was published, CHART II, for example, 1llustrates the cumulative popularions at
rigk near selected nuclear power sgltes. The Calvert Cliffs site on the
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Chesapeake 45 miles [rom Washington, D.C., has a population at risk beyond 5
miles, very much less than thar assumed in the WASH-740 analysis. On the othet
hand, Indian Point north of New York City represents a considerably greater risk
in population distribution for the Burlington site near Philadelphia; this was
not approved by the AEC. Currently pending is a construction permit application
for Newbold Island reactors sited 6 miles from the defunce Burlington site. T
have publicly opposed approval of this siting on the hasis rhat the Atomic
Energy Commission has not placed 1in the public domain evidence of nuclear
safeguards rteliable encugh to compensate for the greater population at risk in
the Newbold Island area. LE the AEC approves Newbold Island, then the way 1is
open for other utilities te press for closer metropolitan siting.

Tt dis true that the AEC has issued its WASH-1250 report, '"The Safety of
Nuclear Power Reactors and Related Facilities" (July 1953), in response to the
October 1971 request of the Joint Committee on Atumic Hnergy. This will serve
as the basis for public bearings to be chaitred by Congressman Melvin Price,
heginning September 25th. Bur the WASH 1250 report does not deal with a Class 9
accident and its conseguences.

On March 23, 1962, the AEC issued document TID-14844, “"Calculation of Dis-
tance Factors for Power and Test Reacror Sites," as a gulde for utilities to
determine:

(1) An _exclusion area such that an individual cxposed at the boundary
fence would not receive more than 25 rem wheole-body dose in 2 hours or more
than 300 rem dose to the thyroid.

(2) A _low population zone such that cloud passage would not deliver more
than 25 rem {(whole-body) or 300 rem {thyroid)} dose at its outer boundary.

(3) Population center distances specifying distance to centers of large

population concentrations.

This AEC siting criteria document did not take a conservative view of thyroid
dosage since members of this organization recognize that 300 rem is a signifi-
cant dose to the thyroid as evidenced by the experience with Rongelap natives
exposed to fallout from the March 1, 1954, Bikini bomb test. I maintain that
the AEC needs to put forth an updated wversion of its siting criteria.

Class § Probabilities

The Wash-740 report had very little to say about the probability of a major
reactor accident. Tn the past few years there has been increased emphasis on
probabilistic assessment of reactor risks. Reactor designers are trying to
define how safe their nuclear machines are, and this they do in terms of
postulating a spectrum of iniriatlng cvents and following their conseguences
sequentially as they affect the pathway leading from the nuclear fuel pellert to
the environment.

The only way for the fuel pellet’s stored radicactivity to escape from the
core is to overheat to the peint where the ¢lad deteriorates and fission
products are released within the core. Pellet heatup can oceur as a result of
Loss of Coolant Aceident (LOCA) wuncless coolant 1is resupplied to the core
channels. The AEC requires that U.S. nuclear power reactors be cgquipped with
Emergency Core Cooling Systems {(ECCS) as safcguards to prevent fuel melting. TE
P is the probability of a LOCA and P; is the probability that ECC systems will
not prevent fuel melting, then the probability Py; of a LOCA + ECCS fallure is
P; x P,. HKuclear vendors cstimate that the probability of a pipe break is about

i
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1974 per teactor year and the chance that ECCS will fail to perform its function
is 10-3 per reactor year. Thus, Py becomes 10-7 per reactor year.

This vendor-estimated low probability for LOCA + ECCS failure has to be
compounded by an additicnal probabiliey; 1i.e., failure  of containment
safeguards, before the meltdown-released radiocactivity i1s released to the
atmosphere. Here one has to deal with a complex problem of containment failure
In wvarious modes affecting the time-release of specific fission products. Yor
example, water sprays could effectively reduce the release of iodine-131.

I might interpolate at this point that for occean-sited nuclear power plants
the Advisory Committee on Reactor Safeguards (ACRS), which makes an independent
review of each reactor application for licensing, has under discussion a
requirement for a core-catcher to prevent loss of meltdown fission debris
through containment.

Let us assume that vendor estimates are wrong by a factor of 10 in each Py
and P, estimate; i.e., Fjp = 1075 per reactor year., In other words, with 100
reactors operating, as will soon be the case iIn the U.S5., the overall
probability for a major reactor accident of a Class 9 type would be one chance
in a thousand per year.

Class 8 Radiation Consequences

Would the public accept a rtisk of one in a thousand per year when 100
rcactors are operating? It's prematute to extrapolate this to one inm a hundred
per year when 1000 reactors are operating because that's several decades from
now, and presumably new and more reliable safeguards will be available then.
When the ALC grants an operating license to a utility to run a nuclear power
reactor, it presumably makes a judgment that the public risk of accident comes
within acceptable limits. But these 1limits have not heen defined for the
American people.

If one were to take a publiec ovpinion poli of Americans inquiring into
attitudes ahout the probahllicy of an accident to a nuclear reactor, 1 suspect
that people would immediately ask, "How serious an accident?" 1In attempting to
answer this question, wec have to go back to our chain of probabilities; i,e., to
P13 where F3 1s the probabllity for release of X curies of wvarious
radionuclides through containment.

We must now introduce three additional probabilities:

¥, = that allowing for the metecorology prevailing at the time of the
accident release.

Py = that governing the population distribution in the downwind area of the
nuclear site

Pg = shielding factors reducing exposure to people in the downwind sector
Certain peesimistic values for P53 and P, led to high-consegquence estimates in
the Wash-740 report, leading to an extreme projcction of a lethal dose as far
out as 15 miles from the accident site. I think that when one is dealing with a
probability that is itself a compounding of six separate probabilities; i.e.,

1)123456 = pl X 1’2 x P3 X P|+ X PS X PG

it i5 casy to postulate extreme consequences by taking very high values for each
individual probability. In fact, some antinuclear spokesmen put Py x Py = 1,
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then assume almost complete venting of the fission products and couple this with
the highest possible values of Py, Pg5, and Pg. Thus, they arrive at most
improbable and in some cases impossible fallout patterns blanketing a state as
large as Pennsylvania.

Allow me to cite a single example of such nuclear extrecmism. I have here a
letter ®signed by Dr. John W. Gofman for the Committee for HNuclear

Responsibility, Ine. (July 1972) on a Ietterhead listing the names of four Nobel
Prize winners, It begins:

"Dear Friend,

Do you live within 100 miles of the locations indicated on the
attached map? If so, you also live, or will live, within deadly range
of a nuclear power plant . . . "

CHART 1III is adapted from the most recent AEC report on accident (Class 9}
consequences, "An Evaluation of the Applicability of Existing Data to the
Analytical Description of a Nuclear Reactor Accident-—Core Meltdown Evaluation,"
BMI-1910 (July 1971). The upper curve represents a pessimistic core meltdown
accident, PPy = 1, hut assigned no probability in the report; and Pz, involving
pressure vessel meltthrough and 50-percent fission product escape from the core
with a 2-hour delay for relase of the noble gases and inversion conditions for
P, x P5, is not defined because the graph is for individual dosage and Pg = 1.
To illustrate the impact of a single variable (P,), T have plotted as the lower
curve an estimate of how the dose distribution would lock under average
conditions of meteorologyg. Note that the lethal distance (radius for LD°? dose
of 500 rem) is less than 1 mile.

Indian Point and Calvert Cliffs Estimates

Although it 1is not at all clear, based on AEC publications Lo date, as to
which radionuclide dose is of greatest lethality in a Class 9 accident {di.e.,
nohle gas external dose, ingested dose to the gut, radiciodine dose to the
thyroid), for the purpose of illustrating the significance of multiplying Py, by
Pg; T shall apply the two curves in CHART III to a population distribution for
the Indian Point and Galvert Cliffs site. 1T shall assume a uniform distribution
of population in all dircctions from the reactor site. T deduce the following
population doses:

Average
Meteorology assumed Inversion (millions of man-rems)
Indian Point 10 i
Calvert Cliffs 1 0.1

Naturally, the real wvalues for the population dosc would depend on the wind
direction. In the case of Calvert Cliffs a westerly wind would mean a tenfold
or more reduction in dose, The man-rem dose for an accident situation cannot be
directly related to dose as estimated for other sources of radiation since it is
a single-shot affair. In making any such comparisen, the doses given for the
accident situation need to be reduced by a factor of 10.

S0 far I have said nothing about P;. If we regard the rem dose as an open-
field measuremeni, then we have to introduce shielding factors due to housing
and the body itself. These are generally assumed to be 0.4 and 0.8 so that the
cffective dose is about one-third that of open-field dose. Tn an emergency
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gituation {remembering that a reactor accildent could involve several hours of
warning for much of the community nearby) there is the option of evacuation or
of shelter-seeking.

To the best of my knowledge, the various States and cities in the U.S. have
no plans for a Class 9 accident, The emergency plans I've seen are patterned to
Class 8 situations which do not pose very serious radiatlon risks.

Comparison of Rediation Risks (1970-2000)

I B8hall now summarize the dose estimates for various sources of radiation
thus far annualized.

30-year dose
Source {millions of man-rems)

U.S5, natural background.,........ 1,000

Weapons test fallout..,.......... 34
Domestic Jet travel...ivivvwiunn 36
Medical diagnosis......eecvvvss 500
Routine nuclear effluents....... 0.45

It will be noted that test fallout and nuclear effluents plus waste products
have dose commitments persisting beyond the year 2000,

There's nothing much we can do about the first two items in this
tabulation, and since the third item is not a dose to the total population, I
ghall concentrate on a discussion of the radiation risks of medical diagnosis
and nuclear power facllities, bearing in mind the admonition of the BEIR repor:t
(page 7):

"An additional important point, often overlooked, is that even if
the benefit outweilghs the biological cost, it is in the public interest
that the latter still be reduced to the extent possible providing the
health gains achieved per unit of expenditure are compatible with the
cost—effectiveness of other societal efforts.”

Nuclear Safety Costs

AEC technical specifications for power reactors force U.5. urilities to
spend about $40 million in capital costs and operations for added safeguards per
1,000~megawatt installation to provide a wide margin of safety agailnst
accidents. These costs are in additien to those that a utility would pay for
normal Insurance against damage to the reactor. One thousand reactors expected
by the year 2000 would therefore entaill expenditures of 540 billion. In
addition, T would estimate that the AEC, EPA, and HEW will probably spend up to
510 billion on safety and radiation control.

A Double Radiation Standard?

In 1972 the 50 States spent a total of $7.2 million implementing radiation
controls, not all of which apply to the diagnostic use of x rays. Considering
the wvery much greater population dose associated with medical diagnosis as
compared to nuclear power dosage, it Seems to me that our society has a split
vision on radiation risks and 1is setting up a double standard for radiation
risks. I am not advocating relaxation of the As Low As Practicable radiation
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limits set forth by the AEC, nor am I suggesting cutbacks in nuclear safety
expenditures, but it does seem to me that some standards have to be applied to
the dowinant controllable radiation risk in America; namcly, the diagnostic use
of x rays.

According to my reckoning, the excessive use of x rays will mean 50,000
cancer deaths in the rest of this century. All of thesc can he avoided if we as
a nation put radiation risks in perspective and establish rational restraints on
that most lethal weapon -- the x-ray machine. 1 agree with Br, C. L. Comar who
prOpOseSlD that such standards "should be cstablished in terms of minimal ex-
posures required to fill society's nceds.”

Costs for Alternative Sources of Energy

Although opponcnts of nuclear power argue that there are environmentally
and economically acceptable alternmative sources of power to substitute for
nuclear power, thelr proposals are not viable options for utilities before the
ycar 2000. Competent energy eXperts are in agreement that the single candidate
option is coal. It 1is therefore valid to reckon the costs of the coal fuel
cycle, assuming that ccoal-fired plants replace nuclear units. 1 estimate that
in the year 2000 such plants would require an annual boiler feed of 2 billian
tens of high-rank coal.

Burning 2 billion tons of coal subjects a society to a risk-chain
stretching from the mine to the smokestack. Let's consider, first, the
cccupational hazards im a coal-vs-nuclear comparison. I shall use data just
made available by the Council on Environmental Qua1ity11.

Assumlng that almost all year 2000 coal is strip-mined, I estimate that the
occupational costs of mining, processing, transporting, and using coal for 1,000
plants would total 2,640 deaths per year. The CEQ estimate for Light Water
Reactor occupational risks is 153 deaths per year. In other words, the coal
substitution would be 17 times more costly than nuclear risks In the year 2000
~— meaning the conventional visks of the uranium fuel cycle,

Two environmental hazards predominate 1in the cocal cycle, the acres
disturbed in strip-mining and the stack emissions, primarily 350, effluents.
Uranium ore has a specific energy content up to 40 times higher than coal so the
acres disturbed are very much less for present generation nuclear plants, and
with the advent-of the power-breeder, nuclear power will enjoy a thousandfold or
more advantage in reduced envirommental impact as compared to coal,

The 1975 primary and secondary standards on stack emission will crack down
on 80, effluents from coal-burning plants, and it iIs to he assumed rhat wuse of
compliance fuels and new developments in sulfur control will serve to make year
2000 effluents much lower in level than even the 1975 standard. But some 50y
will come out of the stack, and the biological damage of chemical pollutants
will have to be assessed. The 0.45-million man-tem 1970-2000 dose from routine
release of nuclear power effluents sets a very high standard for fossil fuel
plants to achieve.

Conclusion

I have attempted to put radiation risks in perspective and, in particular,
to suggest that it should be a national objective to reduce the man-rem dose to
the U.S5., population and to bring radiation risks into better balance. 1 have
also attempted to scope the problem of a nuclear reactor accident, and I would
suggest that at your next Congress you devote major attention to the Atomic
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Energy Commiesion 1974 study of this problem. In the meantime I would suggest
that members of the International Radiation Proteetion Association have an
individual responsibility to {(a) persuade the medical profession to reduce the
diagnostic dose and (b) act as brokers for the communication of reliable infor-
mation to the public in matters of nuclear safety.
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CHART I

CHART II

CHART III

Historical Record of U.S. Air Fatalities (1927-1972). Data taken from
U.5, Statistical Abstracts for recent years and Historical Statistics
of the United States, Colonial Times to 1957 {Government Printing
Office, Washington, D.GC.).

Population {Cumulative) at Risk Near Selected Nuclear Sites. Data are
taken from U.S5, AEC Public Dockets for Calvert Cliffs, from TID-14844,
and from Figure 2 in article, "Siting Practice and Its Relation to
Population," by H. B. Piper and F. A. Heddleson, to be published in
Nuclear Safety, Vol. 14, No. 6 (1973).

Whole Body Radiation Dosage -— Class 9 Accident. Upper curve is taken
from Figure 14, page 31, BMI-1910 (July 1971). Lower curve Iis
author's estimate based on data in fn. 9.
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CHART IIT
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RADIATION AND MAN

Presentatlon of U.5.4. Fationzl Lcedewmy of HSelences
Renort on The Effects on Fopuisticns of Txposure to Low Levels of
Ionizing Radiatior (BEIR Repori)

1. {General Heview and Irplicatlicns
C. L, Comer, Cornell Universiiy, ithaca, H.Y.

Absiract

W

This naper leoegther wiln that of Dr. James . Crow on Cexnetic Eff'ects
and of Dr. Arthur C. Uplorn on Somalie Effects iIs an expository review cof the
report of the Advisory Commititee on the Blologicai Effects of Iernjzing
Hadieticns of the Hational Acade cf Sciences - National Hesearch Ccuncil
wilch was prepared by moout 50 members of the Committee and iis Subcormitiees
ard completed in lete 1972. It deals with the scierntific btasis for establish-
ment of rediaticn protection standards erncompessing & review and re-
evaluation of exisiling scientific krowledge corcerning radiation exposure of
human populaticns.

Date, assunplions, and numerical risk estimates are presented Tor the
genetle and somalic effTeets of low Zevels of exposure. It is calculated that
expcsure of the entire U.S. populatiorn to 170 mrem/year would causc at
equilibrium (afier many generations) between 1100 and 27,000 incidences per
ycar of serious genctic disabilivies. In the opinicn of the Cormittee, the
sume exposure could causc from rougnly 3C00 to 15,000 cancer deaths annually
pasaed on the aessumptions used inecludi-g iirearity and with no correction lor
dege-rete. The unceritainties and bases for lthese estimates are stressed in
the papers of Urs. Crow and Unton. Interpretalions are presented in regaxrd
to effects on growth and developmert and on the envirormment {on organisms
otrer tharn ma“).

Future zajor contributions to rediaticn expesure of the population
will continue to be naiural backgrourd and medical applications. Medical
radiation exposure can end should bte reduced considerably withoul any de-
vrivation o benefiys., Radiatior exposure tc the U.S. ponulaticn Prom the
developing nuclear power industry can be kept a® about 1% of naitursl back-
ground and the exposure of any individual kept fo 2 smell fraciion of
peckground provided thal the technclcgy cperates as planned, Engineering
und technical uncertainities in regard to ruclear power were nct assessed by
the Ccrrmitctee.

—v 1s suggested tral rediemtlon protection siandards not be set cn an
arbibrary besis sucn asz related o background levels, (ever ihough all agree
thet such lC‘C 5 will not procuce cbzcrvavple ef”ecis), but rather should be
esbablished n cerms ¢f mirimal exposures regulred Lo Zill sccieiy's reoeds.
Iepefulliy, it will be possible tc maXxe meaningful visk-tencelfit assessrents,
“hen to mare cost-eflectivensss assessments s fthatl Zcgleal decizlons can oe
made as wo the worth of ary given effort Lo redurs the risk, and finally to
cloose among the alternate cptlions taking inic account 4 compariscn of Llne
tiologlical and environmental cos

Uliimately, these teermnigues Zor desllizng wilh radiation proteciion
(aetuail" eztimating lne risks uand the worih of reduci Livm) it iy PTO“idP
g4_udncc [or olher pollutants, sizce the time f5 coming ]

5 wi,_ hove Lo te node 1w allocation of Zimited rescources Tor che
raintenaznee and improvement of Lhe cunllly of TiTe.
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T. Introduction

In late 237 the Advisory Ccmmitiee on the DBlclegical ElfTects of
lonizing Radialicn cf the U.8.4. Hatlonel Acedemy of Sciences - Nationa®
Research Council corpleted its Repori on The Effects on Populations of
saxposure to Low Levels of Iorlzing Radietion (3ZTR Reperi). This naper,
the First of ihree, is a personal ingerpretalion of the approach, general
indings and implicalions of the BTTR Repori. Tt will be follewed by de-—
Lailed discussicns of Ceneiic Zflects by v, James 7. Crow anc ol Somatic
Eflzete by Dr. Arizur C. Uplon, Aporeciation is expressed to ihe Progren
Comrittee of the lntermaticnal Hadiatlicn Protection Aszoclation for the
cpporturity of presenting thesc papers and the genercus time a’lotme:nt,

ZZ. Rreaground
Lrderssanding of the objeclives zrd frame of relerence of the BEIR

Heport can be pained by remcmbering the "BEAR" Report:z (on Biclogizal Zffectis

Alemic Radiatlion) of an eurlier commitiee of the Faticznal Academy thal
was establiszed ina 1955 Lo respond to public anxiety about the possitle
cflecus of nuelear wezpons tesilling the ruman pepulation. The BEAR reports
di¢é gu respond, were accepsed by the publle, and served mainly %o: {a&) pluice
in perspective the exlent of nare expecied from fsllout, (b) Introduce she
corcept of regulsstion of average population doses cn *10 besla of geneiic
riska, and [e) emphasize the sigrificance of medicel-dentsl radistion ex-

posurc.

Tn the late 1%960's tublic concern again became aroused because o
powential expcsures freom a develoning nuclear power industiry. Hurerieal
gonevie dnd somatic risk estimates were being used, und narmful effects were
widely descrived a2z 12 it were planncd that ine total J.2. popalation were Lo
e expesed Lo levels eq;ivaient pots) presen: radiation protection guideline
{nemely 170 mrer/year). In Februnry cf 1970 <he Federal Raciation Counell
(FRC) asked ar existing XAS-NRC Advisory Lommittee to undereke a complele
review of <the matzcr. Therea;:er e FRC was sobsumed Jzto Lne Povirormernial
Frotectlicn Agency, the Advisory Commiftee was expanded into the BuIR Commitice,
and the rev.ew was undertaken.

Uver the yenrs, somewnszl similuar resporsibllitiss in regard to radlatiorn
protection have Tulfiiied by cther crgenizaticons ineluding; the United datlicns
Seientific Commitsee on the Hffects of Azomic Radlution (UN““EAP,, Trne Inter-
navionzl Corrmissicr cn Rad'oclogiesl Protecsion {ICEP), and the Xa<ticnal
Coumell on Rediastlon Protecticn and Measuremcnts (KCRF), ‘heir reports have
beern moest aseful to rmermbers ¢f tne BEIR Commlitee wnd their perscnnel most
cocperative.

It mist be remempered that reports ol vericus todies may dilffer vecnusc
of Lne charge, scope anc compositicn of the corrmiiiee invelved, &g well as
the stale of krnowledge and public atmoszhere existing at trhe tirme of the
wrliting cf = givern report. I=n general the mairn differences beiween the BWIR
Repcrt and previcus oficial decumentzticon arisge not so ruen from lthe in-
zluslon of new data or rnew Interpretetlcerns, but rather from & prniloscophic
apprcach to radisiion prouectlon generated by crhenging conditlcnz end pubnlic
at<isudes.

Tre ZATR repert differs Ifrom lnc cther repcris in cne cor ncre of the
fellowing ways: (a) efforts are macde to present the concluslions such a way
az Lc be useTul to those wno must lzke into accouni techrological, ecoromic,
and soclolegiceal econsiderations In the development of regulutory progrems in
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the United Statesy (b) nurerical risx estimates for human populations exposed
te low _evels of lgnizing radielicn arc presented together wiih the assump-
tions and compiletlions of deta on which they are based; {c) it is suzgested
“hal radiallon protecilcn scanderds should znol be set orn an arbitrary basis,
such as in relat’on ¢ background levels (evern though 21l investigators agrce
that suern levels will not produce observable coffects), but rather that ithey
srould be established in terms of minimal exposures reguired 4o £I1%
society's necds: {d) implicaticns of possible effects of radiation on the
envircoment - on organisrs other than man - are considered; (e} it is pro-
Fosec Lhat medigal—denta_ radistlicn exposure can anéd should be rediced
lderahly without '‘mpairing medical benefitn; (£) erwphasis iz placed on
the desgirabili<y of meking meanizpful risk-henefit asgessments and Lthen
Texlliveness assessments 5o that logleal decisions zan be made as Lo
tre worth of any given e77ort Lo reduce the risk - choices ccould thnen be
wos3i0le ameng alternate options involving rudiastion end non-radiatior pro-
cesses py comparison of vicleglicel arnd envircnmental costs,

Obv*ou"ly ke HEIR Commiitee and Iis suibeammitiees evern though expended
merbersilp of apoul ilfvy could now dea” definitively wiih ithe broad non-
“ic, sceciclogicul cor econcrmic izsues. Yet it was Celt that such

igsues —ual be broughl forward. Tor example, in regaré to the prssibilities
cf catastrophle resclor acceldenis; 7 was not within cur competence <o render
opinzions on probzpilities, effcews, cverall risks, finarciagl expendlfures
Justified, or rationul of public acceplernce. levertheless, we 4id call
alltenticn to Lkls ratter prominently Zn the swmary statemens.

I7T. Risk Zstimates

Trere I3 always the question as to whether numerical risk estimates
should be included in official documentation. Iu is resalized Lthat no metter
how carefully the estimales are gqualilled, the mnurbers will be used eand
Jucled by cuiners oul of contexs. The deecision to Include nmumerical valuc

sed Zargely on whe fact that such estimales were 2 reacy veing w1dely
ir public discussicn and were hav*ng a significant emolicnal inpact on
ion-maxing. It was feltl nceessary Jirst te assure iheil Lhe most re-
=ble numbers be used, but pernsps Dnore important, to oring sbout the
understanding that U may ve a pablic disservice 2o misuse risk estimates,
thut is So make decisions on Lhc basis of rishk eslirmetes for only cne of the
recessary optioneg, or Lo snpend large amounts of resources to redcuce small
risks even Turther wnile larger risxs go unalzended.

Zre mniloscphy in radlation proteciion lo-dute nes been Lo shate the
matver In gqualitetive terms. Tor example, HCRP 39% contalng the following
statement:

"ln parzicuiar, it is helieved that while exposures ol woerkers and
the gereral population should be kel to the lowsst sraclicable
level &gt all times, the presently permitied expcsﬁres (170 mrem/vyr
fer the population) represent a level of riskx so smzll compared

Wi lh ctner hazards of life, and so well cffsel Dy percepiiale
penclits, thaz zuch aporchailcon ipublie acceptance} will be acnieved
wrern ize informed public veview process is coapleted,”

#3azis Racdlation rrotecticn Criteria, Haetional Councll on Radiation Pro-

tection and Meagurements, Jaruary L,, ﬁjTl, WCH? Repor= Jc. 329. Material
Iin bracxets addea,



However, it eppears now theil public knowledge and public demand re-=
quires further detall.

The risk estizetes of the BEIR Report are presented in greatly simpli-
field form in Tables 1 and 2. In round figures it 1s stated that exposure
of & population of 200 million to 170 mrem/yr could ceuse about 10,000
deaths ¢r serious disesbiiities per year of somatic and genetic origin in the
first generation. This can be expressed as a risk per year of 1 in 20,000.
Given the rumerical esitimates for gereitic and somatic risk the guestion
arises as %o how this Information can be used &s & basis for radiaticn pro-
tecticn guidance. Zogleally, the guidance cr standards should be related to
risx, Whether we regerd a risk as acceptable or not deperds on how avoidable
it is. Obviously no risk, no matter now srmaell, skozld be accepted 21F It is
indeed readily avoidable. To the extent not avoidable, acceptebility depends
upon how the risk compares with those of elterrative options and those
ncrmelly accepted by society.

It is not difficuli to compere the risks from radiation with those
norrelly eccepted bty scciety - recognizing thet eny such ccmparison is not
meert es a Justification for mcceptarce of any unnecessary risk., 4= indi-
cazed in Tabkle 3, there seem tc be two natural boundary conditions. The high
risk boundary of 1 in 100 is the statistical risk of deaths from all causes,
Tre lower boundery of 1 in >,000,000 appears to be the risx of deaths from
external caiestrophes such as flocds, eerthguaxes, lignining, snzke bites,
etec, Thus, onre can establish & rough scele of risk, as shown in Table L,

Traditionally, soclety nas treated low and negliiglibple risks as acts of
God and nhas focused attenticn cn tre high risk category. It is irnterestin
to nete that in the zigh risx range we find such voluntary activities as
auto travel, plane travel, hunting, and skiing.

t 1s important to reaiize that public response will probably never be
cempletely Zogical. For example, the public abhorrence of specific catas-
tropnes mey result irn relatively large investmerts to avoild them, regardless
cf irne guartitetive importance. There may be other philosopric biases
related to risx that are Just not subject tc rational agreement.

There are two maln aspecis ¢f the anslysis. First, it is necessaxy to
essess risk-benefit relaticrships since & man-mace risx can be regarded as
evoldable uniess we need the asscclated benefit. As indiceted, we feel thas
the risk estimates for radiation are comparatsively well established, but the
gquesiion of benefit requires much more corsideration. The 3XTR Committees has
now peern specifically charged to undertake <the study c¢f benefits, the diffi-
cuity of whiech should not be underestinmeted. As an example, cne benefit of
radiation exposure from the nuclear power industry is, obviousiy, the avoid-
ance of heslth effects from trhe combusiion of fossil fuels, which immedimiely
nagessitates comparing the biologiecel costs of the eliernative options.

The second mspeci concerns whai might be called "cost-effectiveness
analysis,” which governs just zow aveidable the risk is. It is covious thaet
any risk can be decreased st an inereased firancial 2cst. In B ressurce
limited society (end believe me, we are becoming more so all the time) the
eliocailons must be made where they will do the most good. It is & misuse of
resources and & disservice to society to add ecosts for the purpose of de-
creesing tne risks of any one system greatly below accepiable levels, when

ther societal amctivities with unacceptable risks are being Igrored. Some
exenples of choices that could be made are: a natlonal program to persuade
veople to use seat belis i3 estimated to cost less than 3200 for each deask
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averted; a pregrer of early cancer detecilon and treabtment is egiinzted to
aoel 1p to aboui $L0,000 for each dest: averted. AL Lhe heigni of lMalloul

il was caleu ated thal Lhe remcval of “93r frum milx at & cost of 2 Lo 3

cents per gquart would cost aboul 20 million dollars TFor each case of cancer
averLed, Il hezs been esiimaled that zoney spenst cn improved collimssion of
X=ray machines would be 13C0 to 16,000 times more effective in reducing
radiation doseges than money spent ch Inmproving presont rescicr wastie sysierns,

By way of summzriz »isx conslderations, certain points zppear Lo be
impocrtant. Cur best estimetes of risk Irom radiagtion exposure, even when
exprenssd in numerical terms support previcus views (implicd by JCRP dogumer-
tation} that sueh risxs are indeed swell wrhen compared wilh the probable
benefits Trom necessary activities. Tne public snould scmehow be educated
L0 this truth aznd all astempls should be mace Lo reduce any pallosophlc
blases. fs pert of this process, rogiuiatory preocecures srould assure thatl
sceletles' needs are being mel with <the lowest possible risks. The inter-—
pretation of the werds, "lowesi pessible,' should rest upon development of
cost-clfTecliveness analyszes. i should be made ciear thet even wnen Lhe
tencfits clearly exceed the risks, trne risks should still be reduced to the
lowest level cozmpatllbie with costi-effectivencss consideraiions,

77

V.  Duammery of RFEIR Jeport Recommendations

"fe JTTE Keport made ften major poinis wiich are parspnrased in
sobreovizted form:

a. Ho expozure Lo lonizing radislior should be permitied without the
expectation of a commersurubte bernefit.

k. Public proteciion from radisat

ior must not result in a suonsiitstion
of worse herards for the radiat

ion avoided, Omzll risks shoulad nct
we reduced below the point of cost-effecilveness.

c. The upper limrii of nen-medical radiation exposure for individuals
jn trne genersl populallon should produce risks that are small
relative Lo lhose zotmally acecented,

iowered if the genersl popu_asion 1s to be exposed. This limitse
tre total amount of rarm Lhail could be ceused as well as *he
probukility of narm to any indIvidusl.

d. Tne zbove upper lirit fer izdividusls snould be cenaiderably

2. Meodicel radialio: exposures can and shpould be reduced considerabnly
without impeirirg medical berefits.

. (Guldance for ine nuclear power indusiry shculd be based on risx-

berefit ana cost-effectiveness analysis teking inzo account the

alternsic oplicns.

ed

g. pxtracrdinary eflfeorts to minimize the risk Ircom catasirophic
secidernts in the nuclear power industry arc cai’ed o,

=,  {cecupaticnal and emergency exposure 1imits should ve based cn
numerical risx estimates to the indivicual.

1. Populalicng cf cother living organs will mcst likely el Te per-

cerptibly harmed it the radiation proueculon gu'ldelines aceeptable
Tor rean are adsered to.  HNevertheless, trnere are good reasors [or
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strongthening ceclogical studies,

o Lvery eflort should e made <o assure accuarate estiratles and
predictions of radlatlion eguivalent dosages from all cxlsling
]

and planned scurces.
Ve A Broader View

Soelety Is becomdng inercasing’y sonsitive tc hea’~rh preoblems from
contamination and wollution. Wrcnever s potentlal navard 1n idertified,
becomes measursble, and is publicly recognized there 1s pressure for zerc or
nesr verg gwidelires. Usua iy thnere is little cor ne Information avout Low-
_evel prousailcn eflfcetad and dceisions ey well ve madce Lhal oversll causc s
_owering of the guallty of Lifs, Kadiallen 1s The one ugent for waleh Lre-
mencous amourss ¢f data arce aveilekle. Sow itnal we Zave risk eslimates,
fracgnt with uncerlalnty tncugsn they may pe, =he way we use, neglect, or
misuse them for =hne public zocd mey sel an example for the courge wo oare o
Iollcow with the great varlely of pofential narmful agents that mocdern man
exposes himselfl <o, In a real sexnse thes, radlazion workers heve scciochal
regpensipiiities trnat go far beyond <the effects of ionizing racistion.
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Teble 1

Simplified Summary cf Rediation Effects

170 mrem/yr to U.S, poputation (200 x 106)

wouid cause an upper imit of 3I60C genetic
disabilivies/year in 1'st generaticn

cculd cause as a most Zikely estvimate
6000 cancer deaths/year

Takle 2

Hadieticn Fffects Expressed as Hisk ner year

170 mrem/yr could ceuse

v 10,000 cases of hara in 2C0 x 106 per year

or 1 case in 26,000 per year
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Teble 3

Comparative Population Risks in the U.S.

Sgurces Risk of Death per Year

Freom all causes

Under 1 year 1in L6

1 year old 1in T35

10 years old 1 in 3600

35 years old 1 in 470

55 years old 1in 85

Average population 1lin 100
From 170 mrem/year 1 in 20,000
From natural disasters 1 in 1,000,000
Trom 1 mrem/year 1 in 3,400,000
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Table 4

Artitrery Cotegories of Risks

Beale Elsk of Death per Year
lgh 1oin 100
g1s)

Z in 1,000

Wedlim 2 in 1,000
to
I in 100,000

Hegligikle 1 in 120,000
to

1 iz 16,000,000
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PRESENTATION OF THE U. S. A. NATIONAL ACADEMY COF SCIENCES REPORT ON THE
EFFECTS OF IONIZING RADLATION (BEIR REPORT). 2. GENETIC EFFECTS

James F. Crow
Genetles Laboratory, University of Wisconsin
Madisen, Wisconsin 53706

Abstract

Information for assessing the magnitude of the human penetic risk from
radiation still comes almost entirely from nonhuman sources., mainly the mouse.
The Committee recommended that estimates for low dosages be made on the assump-
tion of a linear relationship between the effects at the lowest doses where re-
ligble measurements exist and the effect at zero dose. This was cheosen as a
plausible assumption for some effects (mutation and chromosome breakape) and as
a conservative procedurc for others (nondisjunction and chremesome loss).

The Committee considered four bases for risk estimation. In order of re-
liability these are: {1) The risk relative to natural background radiatiecm,
(2) The risk relative to specific penetic conditions, (3) The risk relative to
current incidence of sericus disabilities, and {4} The risk in terms of overall
111 health.

The current report is a follow-up of the original report of the National
Academy of Sciences Committee on the Biological Effects of Atomic Radiations
(BEARY.! This Committee, along with a corresponding group in Britain working
at the same time and not entirely independently, Introduced the idea of regulat-
ing the average dose to the population.

The BEAR Committee recommended that man-made radiation he kept at such a
level that the average individual in the population receive less than 10 r he-
fore the mean age of reproduction, a period of time taken to be 30 years. Mod-
erate variation in exposure from person to person was not regarded as very im-
portant as long as the population average is kept low for the reason that the
damage is to later generaticns. The concern is not so much that of the individ-
ual for his own children, for which the risk is slight, but of society for an
overall disease and disability rate in future generaticns. Prior to this re-
port, the main emphasis had been on the protection of the person receiving the
radiation. The individual dose limit was set s8¢ as to be well below that for
which there is any cbservable harm. The BEAR Genetics Committee emphasized the
linear, non-threshold concept for genetic effects and its implication that there
is no "safe" dose, a concept that had been discussed earlier by the NCRP.

The general principles guiding the Committee were: (1) Mutations, spon-
taneous or induced, are much more often harmful than beneficlal. This is to be
expected on the grounds that mutations, being random events, are more likely to
make well regulated systems worse rather than Improving them, It has also been



observed experimentally that mutations whose effects are larpge encuph to be
visible are almost always harmful. (2) Any amount of radiation, however small
that reaches the reproductive cells entalils some genetic risk. (3) The number
of mutaticns produced is directly proportional to the dose, so that linear in-
terpelation from high dose data provides a valid estimate for low dose effects.
{4} The effect is independent of the rate at which the dose is administered or
of the spacing of the total amount. 7The last of these has turned ocut to de
wrong, as will be discussed later.

With these principles, the number of mutations 1s the simple product of
the number of genes in the population times the dose times the mutation rate
per gene per unit dose. For the last guantity, mouse data Were becoming avail-
able at the time of the BEAR study, and the effects were considerably higher
than those in Drosophila, which had constituted the main guantitative evidence
hefore this time. But there was no estimate of the number of genes in any mam-
mal. There wasn't any very poocd evidence in Drosophila either. Scme Jrosoph-
ilists suggested that the bands on the salivary gland chromoscmes might corre-
spond to genes and that counting them might give an estimate of the number of
genes; but this penerally was reparded as naive. A more indirect wav was to
estimate the ratio of the total mutation rate to the specific locus rate, but
this had its problems bhecause of the difficulty iln measuring the total mutation
rate. This ratio was taken to be about 10,000 and the risk estimates therefore
were for a hypothetical organism whose mutation rate is that of the mouse aad
whose gene number is that of Drosophila.

H. J. Muller strongly advocated the principle that each mutant must ulti-
mately be eliminated from the population, and therefore for each mutatlon there
must eventually be one gene extinction, or "genetiec death". The Committee in-
cluded this kind of ecalculation in its report, but with mixed cnthusiasm. Some
taought it to be the only way of trying to asscss the total impact of nmutation.
Cthers thoupht the problem of finding the correspondence between pene extinc-
tions and tangible measures of human suffering and frustration to he completely
insoluble, and therefore the method essentially worthless. The Committee also
estimated the mutation rate doubling dose and applied this to the estimated mu-
tational component of human disease and disability,

What ilas Been Learncd Since?

What has been learned in the nearly two decades since the BEAR Committee
met? An enormous amount by any standards! The BEAR Report was written early
enough to miss both the melecular revolution and the development of human cyto-
genetiecs. I don't believe the letters "DNA" appear anywhere in the Genetices
Report, and the chromoseme number is given as 48.

We now know the chemical basis of the gene with an amount of detail that
would have been utterly uubelievable in the 1950's. The chemical hasis of mu-
tation is deeply understcod and the systems of mutation repair, especially of
UV damapge, are models of clarity and beauty. The human species has joined
Tradescantia, maize, and Drosophila in becoming cytologically respectable.

With such deep fundamental knowledge one might expect that estimation of
radiation risks would be correspondingly more precise. Yet, there remain larse
gaps, the most serious being (1) the almost complete absence of information on
radiation mutagenesis from human sources, and (2) our inability to determine
the relationship between an increase in the mutation rate and the effect on
human welfare in the future. In some ways the situation seems worse than it
did in the 1950's because researches in the meantime have brought out complex-
ities that were not suspected at that time. It can no longer be assumed that
the number of mutaticns is independent of the dose rate or of fracticnation.
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Furthermore, we are more cognlzant of differences in different kinds of cells,
between the sexes, and among different organisms,

How Valid Are Mouse Jata?

Since we stiil don't have any reliable human radiation data we still have
to relv orn other organisms, particularly the mouse. The BEIER Report2 and the
United Nations Report (UNSCLAR)3 do this. Is there any reason to believe that
mouse rates are equivalent to man? I should like to present some data, recent-
ly asscmbled by Abrahamscen, Bender, Conger, ancé Weolff”, that should add to our
confidence in extrapolation from other organisms to man. They plotted the mu-
tation rate per rad per locus as a function of the amount of INA in the haploid
genome. The results for pscherichia, yeast, Heurospora, Uroscphila, mouse,
tomato aad barley. on a log-log plot, fall very close te a siraipght line at a
45 degree angle to the axes. The amounts of DiA in these species ranges over
a factor of 1000; so do the mutation rates, ranging from 10” ¥/rad for E. ecli
to 107%/rad for harley. Yet, the ratioc is nearly constant. The human species
has about 20 percent more DNA per cell than the mouse, so placing ocurselves at
the appropriate place on the line gives a single-locus mutation rate of 2.0 X
16 7/rad. This is the value for high dose-rates; chronic radiation would pro-
duce effects 1/3 to 1/4 as high.

1s there any way to make sense out of this remarkable observation? There
is perhaps one way. We must remember that what is constant wien normalized for
the amcunt of DNA is the per locus rate, not the penome rate.

it is known that in bacteria the genome is a continuous string of INA and
that there are roughly 3000 genes. There Iis now good evidence from Drosophila
that the number of gene loci is equal to the number of salivary gland chromo-
some bands -- just as the more naive geneticists used to think. The evidence
comes from the work cof Judd and nis colleagues5 wio Ffor several years collected
all mutants that were lecated in a small region of the X chromosome trhat could
be delimited by a decletion. They now seem to have found a2ll the gene loci in
this area, since for some time all the new mutants have been mapped at one of
the previcus sites. These lethal, or in a few cases, visible, mutants fall in-
to 16 distinect groups, as defined by a complementation test. It is also true
tnat there are exactly lE salivary chromosome bands in this region. Unless this
iz a fantastic numerical ecoincidence, the simple idea that the number of genes
is equal to the number of chromomeres appears to be correct. There is support-
ing eviderce from other Drosophila chromozome repions.

The number cf salivary gland chremosome bands is a little over 5300, Thus,
the Troscphila has only about twice as many genes as E. coi7l. Yet, the amount
of DNA per cell is an order of magnitude higher. There is also pgoed evidence
that the Drosophlla chromoscome is a continuous strand of DNA -- some 20 Ang-
stroms in diamter and about a centimeter long! Thus, it lecks as if a Droso-
phila gene is at least ten times as long as a bacterial gene.

1f we accept this inference, then as organisms get larger and more comnlex,
they don't get many mere genes, but rather, the genes get longer. If this is
true, the gene in higher organisms presents a larger target for radiation. Per-
haps this is the explanation of the puzzling results of Abrahamson et al.

In any case, whether the explanation is correct or not, the fact that the
data from these diverse organisms lies so cleose to the line adds to our econfi-
dence in extrapolating to man from the mouse.

Risk Estimates



All quantitative estimates that the BEIR Genetics Committee used were de-
rived from mouse low dose-rate data. No correction was made for the larger
amount of DNA in the human cell, althoupgh this would have made only a trivial
difference (about 20 percent) among much larger uncertainties. Cytopenetic es-
timates were usually made directly as if humans were mice, although adjustments
were made in those cases where there was some reason to think humans are differ
ent.

Estimates of genetic disease other than cytogenetic was done bv estimating
the relative risk for one rem. This is the proportion by which the mutation
rate is Iincreased by cne rem; its reciprocal is the doubling dose. This was
estimated by taking the specific locus rate for mice, averaped over the two
sexes, as the radiation induced rate. The spontanecus rate was estimated di-
rectly from human spontaneous mutation rate studies. From this we derive 1/200
to 1/20 as the relative riegk of one rem -- or 22 to 200 as the doubling dose.

Tor any category of disease the Committee attempted to estimate the muta-
tional component of its incidence. Conceptually, we think of the disease In-
cidence as divided into two discrcte compartments, one of which has an incidence
directly proporticnal to the mutation rate and the other whose incidence is in-
dependent of the mutation rate. (Nobody thinks that this is a correct picture
of tne true situation, but it scemed to us to bDe a reascnable model for the
purpose of risk assessment.) For conditions that are caused by dominant or X-
iinked mutations, the mutational component as defined above is very nearly one.
For congernital anomalies and constitutional diseases the fraction is taken to
e frem 5 to 50 percent.

The (ommittee recommended four bases for risk estimates: (1) The risk
relative to the natural background radiation; {2) The risk for specific penet-
ic conditiecns: (3) The risk for severe malformation and disease; and, (4} The
risk in terms of overall 111 health.

These are in decreasing order of robustness and accuracy and increasing
order of social relevance. uUnfortunately, the closer we come to estimating
tangible human Zanpgers, the more uncertain the estimates Leccne.

1. Tae Risk Felative to That From thural Background Radiation.

OF « course, this is not a risx cstimate at ally but it may be very useful as
a4 policy guide, nonetheless. The idea is this: The human species has iived
with this amount of radiation throughout its evolutionary histery. Althoush
we don't think this has been good for us, nevertheless we have managed to sur-
vive, even thrive. Host people don't take background radiation levels into
account wnen they decidc where to work or live; in other words, the risk is
comparable to other risks that are commonly, usually unthinkingly, accepted,
48 the Report says: "If the genetically significant exposure is kept well be-
low this amount, we are assured that the additional conseguences will neither
¢iffer in kind from those which we have experienced throughout human history
nor exceed them in quantity.”

2. The Risk For Specific Genetic Conditions,

Tue basis for this estimate is the radiation-induced rate for mice, aver-
aped over botn sexes. For chronic radiation of spermatogonia in males and
cocytes in females, the average is taken to be .25 X 107 per rad. Using the
incidence of dominant and X-linked diseases and making informed puesses as to
the persistance of these genes in the populatican, the human risks were esti-
mated.

3. The Risk Relative to the Current nc‘gence of Serious JlsabllLtles
With a 20-200 rem douullnp dan, an exposure of 5 rem per generation (170
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mrem per year)} would cause an eventual increase of from 2.5 to 25 percent in
the burden of disease that owes its Incidence to mutation. About one percent
of children have a dominant or X-linked disease or disability, and this inci-
dence is essentially proportional to the mutation rate. Recessive diseases are
rarer and their incidence is only very indirectly related to the mutation rate.
Lisease of more complex etlolopy -- congenital anomalies, anomalies exppéssed
later in life, constitutional and degenerative diseases -- are partly genetic,
but there is great uncertainty as to how directly their incidence reflects the
mutation rate. It is unlikely that meore than half the incildence has this cause.
Some would estimate it as low as 5 percent. The estimates are summarized iIn
Table 1, which is taken from the BCIR Report.

Table 1. Estimated effect of 5 rem per generation on a population of one
million. This includes conditions for wnhich there is some evidence of
a penetic component.

Current Effect of § rem per generation
Uisease classification incidence First generation Equilibrium
Dominant diseases 10,000 50-500 250-25%00
Chromosomal and recessive Relatively Very slow
diseases 19,009 slight increase
Congenital anomalies 15,000 )
Anomalies expressed later 10,000 5-500 50-5030
Constitutional and degenerative
diseases 15,000
TOTAL £0,000 60-1300 300-7520

In addition to the catepories above, we have i1llnesses of many sorts, rang-
ing from so mild as to constitute only a minor inconvenience to severely in-
capacitating and fatal. The mutational component can only be guessed. Domin-
ant penes probably play a smaller part in this than they deo in the conditions
in Table 1. Hather arbitrarily we tock 20 percent as the mutational component.
This leads to an estimate, at equilibrium, of an ilncrease in all disease of he-
tween .5 percent and 5 percent if the population were exposed to 5 rem per gen-
eration. The Committee alsc suggested how a dollar value might be placed on a
rem through this estimate.

L4, The Hisk in Terms of Ill lealth.

Une factor that is left ocut of these calculations, and which we have no

way of assessing, is what appears to be the majority of mutants in Drosophila

~- namely, mutants with a very mild effect on viability. These mutants show
very little recessiveness, so thelr impact is partly in the first generation
after the mutation occurs and is spread over the next 50 to 100 generations.
Extensive mouse experiments offer no evidence for any measurable contribution
from such mutants. The Committee had this admonition: '"We remind all who may
use our estimates as a basis for policy decisions tha* these estimates are an
attemp: to take into account only known tangible effects of radiation, and that
there may well be intangible effects in addition whose cumulative impact may
be appreciable, although not novel."

As regards public policy toward radiation protection, the Committee had
this to say: "It seems clear that the genetically significant radiation ex-
sosure from fallout, from nuclear power developrents, and from occupational
exposure (treated as a part of the over-all population average) is now very
small relative to that from natural radiation. There is no reason to think
that the dose commitment for the development of nuclear power in the next few
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decades should be more than about a millirem annuallvy. The 1%56 report and the
guides that grew cut of it were the result of an effort to balance genetic
risks apainst the needs of society. It now appears that these needs can be met

ith very much less than the 170 mrem per vear of the current Radiation Protec-
tion Guides. Accordingly, the 170 mrem seems to provide an unnecessarily large
cushion.

Likewise, we believe that the currently much zigher level of radiation
from medical sources (mainly diagnostic) should be examined ir view of the same
concept. If it can be reduced furtner withcut impairing essential medical ser-
vices, then tne present level is unnecessarily high."
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Introduction

Consideration is given herein to effects of fonizing radiation that are
manifest in exposed individuals themselves (i.e,, somatic effects) as con-
trasted to effects that are manifest in subsequent generations (i.e., genetic,
or inherited, effects). In general, moreover, acute effects of irradiation
are not considered, since these occur only at dose levels well above pro-
tection standarde.

With few exceptions, the somatic effects of interest manifest themselves
only after an interval of years or decades following irradiation and are not
detectable except in a statistical sense. In any given individual, a par-
ticular effect cannot be attributed conclusively to radiation, as opposed to
some other cause, and the smaller the dose, the less the 1ikelihood of
radiation being the cause.

Because no somatic effects causing significant disease or mortality are
known to be induced by ionizing radiation at dose rates approaching natural
background, the risks of such effects at these dose rates can be estimated
- only by extrapolation from observations at higher radiation levels, based
on assumptions about the relevant dose-effect relationships, the mechanisms
through which the effects are produced, and the susceptibility of the pop-
ulations at risk.

Principles Underlying Induction of Somatic Effects
For none of the effects of interest can the dose-response relation be

defined over a wide range of dose and dose rate. For some effects, however,
such as the induction of cataract of the lens and impairment of fertility,
the relationship between effect and dose is nonlinear, these effects presum-
ably depending on the killing of sufficient numbers of cells in the lens and
gonads, respectively, so that there is 1ittle or no risk of the effects at
dose rates approaching natural background radiation levels.

For induction of certain tumors, on the other hand, a linear non-threshold
dose-effect relationship cannot be excluded, nor canm the possibility that such
effects might result from subtle injury in only one or a few cells of the body.
The most important effect of radiation on the mortality of human populations,
furthermore, apparently results from carcinogenic effects.

In assessing the induction of cancer, the following problems are note-
worthy: (1) cancers induced by radiation are indistinguishable individually
from those occurring naturally, their existence being demenstrable only in
terms of an excess above the natural incidence; (2) the natural incidence of
cancer varies by orders of magnitude, depending on the type of neoplasm, age
and sex of population at risk, and other factors; (3) cancer of any one type
accurs with sufficiently low incidence in man that few irradiated populations
are large enough to provide relevant quantitative dose-incidence data; (4) the
time elapsing between irradiation and the clinical appearance of a neoplasm is
a matter of years or even decades, complicating the prospective follow-up of
irradiated populations for tumor development and the retrospective evaluation
of cancer patients for relevant radiation exposure history; {5) many of the
data on radiation-induced tumors come from individuals exposed to internaily
deposited radionuclides, in whom the dose-incidence relation is obscured by

43



nonuniformities in temporal and spatial distribution of the dose; (6) other
data come from studies of therapeutically frradiated patients, in whom effects
of radiation may be confounded by effects of underlying disease processes or
of treatments other than radiation; and (7} some of the available data con-
cern cancer mortality, whereas cthers concern cancer incidence, hence radi-
ation-induced malignancies that do not greatly alter the death rate {e.qg.,
thyroid carcinoma) must be distinguished from those that are more generally
fatal (e.g., Teukemia).

Cancer Incidence and Radiation Dose

Despite the difficulties mentioned above, the incidence of several types
of cancer in human populations has been shown unequivocally to increase with
increasing dose. With few exceptions, however, the observed dose-incidence
data pertain to relatively high doses and high dose rates. Nevertheless, the
findings for any given neoplasm are reasonably consistent from one irradiated
huran population to another, suggesting that the observed relationship may be
applicable within limits to the general population for purposes of risk
evaluation,

In Japanese atomic-bomb survivors and in British patients treated with
spinal irradiation for ankylosing spondylitis, the incidence of all leukemias
except the chronic lymphocytic type has been increased, the relatienship
between incidence and dose at the relatively high doses and high dose rates
in guestion, being compatible with a linear dose—incidgnce function with a
slope corresponding to about 1 case of leukemia per 10 exposed persaons, per
year, per rem, Data for other irradiated populations, although far less
quantitative, imply a comparable excess of leukemia per unit dose to the
marrcw, despite wide differences in the conditions of exposure: however, there
is evidence that susceptibility may be several times higher in utero, during
childhood, or late in adult life than at intermediate ages.

Tumars of the thyroid gland also have been found to be increased in in-
cidence in irradiated populations. The dose-effect relationship at relatively
high doses and high dose rates, like that for leukemia, can be represented
by a linear, non—thresEo]d function, corresponding to a risk of roughly 2-9
cases of cancer per 10° exposed children, per year, per rem to the thyroid
gland, averaged over the fifth to twenty-fifth vears after exposure. In those
irradiated during childhood, susceptibility appears several times higher than
in those irradiated as adults.

For tumors of other types and sites, dose-response data are meore limited,
and estimates of risk correspondingly cruder. For cancer of the lung, mor-
tality at high doses has been estimated to approximate one death per 106
exposed persons per year, per rem. For cancer of the breast, gorta]ity at
high doses has been estimated to approximate two deaths per 10/ exposed
persons per year, per rem. For cancer of the GI tract, including the stomach,
mortality at high doses has been estimated to approximate one death per 106
persons per year, per rem. For cancer at all other sites combined, mortality
has been estimated to approximate one death per 106 persons per year, per rem,
which implies that either susceptibility to such malignancies is low, by com-
parison with susceptibility to the types mentioned earlier, or that the latent
perfods for such malignancies extend well beyond 25 years of follow-up.
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Some studies suggest that after prenatal irradiation the overall juvenile
cancer mortality may be increased by about 50 cases/106/rem/year, averaged over
the first 10 years of life. however, there is also evidence that the observed
excess may be dependent on factors other than radfation.

The variations in rate of induction of different types of cancer by
irradiation are apparently unrelated to variations in the natural incidence
of the respective types. Hence it is clear that the doubling dose of radia-
tion is not uniform for all types of cancer.

Probability of Cancer Induction at Low Doses and Low Dose Rates

The dose-mortality figures cited above, which pertain chiefly to popula-
tions exposed at high doses and high dose rates, may be used to estimate the
probability of cancer at lower doses and lower dose rates, {f it is assumed
that the relationship between mortality and dose remains the same irrespective
of changes in dose, dose rate, and population at risk. However, there are
cogent radicbiclegical reasons for doubting that the dose-incidence relation-
ship remains constant in the face of such changes. One reason is the wide-
spread occurrence of repafr of most types of injury induced at Tow doses and
low dose rates by low-LET radiations. The dose rate characteristic of back-
ground radiation (approximately 0.1 rem/year) is 108-109 times lower than the
dose rate at which effects have been observed in most irradiated populations,
and at background Tevels ionizing events in individual mammaiian cell nuclei
occur at a frequency of less than one per day, whereas at the higher dose rates
mentioned, thousands of such events occur every second. DBecause of this dif-
ference, and its implications for the production and repair of radiation
damage at the moTecular level, the risk of cancer induction at low doses and
low dose rates may be appreciably smaller per unit dose than at high doses
and high dose rates {as has been observed to be the case in certain radiation-
induced tumors of experimental animals). The possibility of zero risk at Tow
dose rates is not excluded by the data.

Relative Biological Effectiveness

Another source of uncertainty complicating extrapolation from available
data is the variation in relative biological effectiveness among different
types of radiaticns. This problem pertains to the interpretation of data from
atomic bomb survivors of Hiroshima, underground miners exposed to radon gas and
its radicactive decay products, and populations with high body burdens of
alpha-emitting radionuclides.

In Hiroshima, the numbers of survivors are larger {and the statistics
correspondingly better) than in Nagasaki; but the radiations at Hiroshima
included an appreciable component of fast neutrons. Hence 7t is necessary to
estimate the relative biological effectiveness (RBE} of this component in order
that the dose-effect data for the two cities can be compared. The best estim-
ate of the RBE, derived from intercomparison of the Hiroshima and Nagasaki data
for leukemia, is between 1 and 5; however, for many radicbiological effects
the risk-per-rad of low-LET radiaticons, such as x-rays and gamma rays, de-
creases to a greater degree with decrease in the dose and dose rate than does
the effectiveness of high-LET radiations, which may decrease little if at all.
Hence the RBE value of 1-5 for Teukemia induction may be considerably smaller
than the RBE value applicable to Tow doses and dose rates. Nevertheless,
since RBE values of 1 and 5 have been assigned in this report to the Hiroshima
neutrons for the purpose of calculating the risk per rem, the resulting es-
timates of risk may err on the conservative side.

The Linear Hypnothesis

Although there is experimental evidence that the dose-effect relationship
for x-rays and_gamma rays ray not be invariant with dose and dose rate, the
use of a non-linear hypothesis in estimating risks for purposes of radiation
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protection would be impractical in the present state of knowiedge, since it
would require allowance for individual variations in temporal and spatial
distribution of tissue dose, as well as for other variables which cannot be
analyzed at this time.

Furthermore, it is the whole population from birth to death that is to
be protected, and nc body of human observations provides risk estimates for
Tonger than about 25 years. Moreover, the human fetus may be especially
susceptitle to radiation carcinoyenesis. Thus, in a situation that calls for
a careful weighing of costs and benefits it has seemed prudent to present risk
estimates on the basis of human data exclusively, with the use of a linear
interpolation into the region of low dose.

Risk Estimation

In the Japanese atomic-bomb survivors, the excess mortality from all
forms of cancer, including leukemia, corresponds to roughly 50-78 deaths per
106 exposed persons per rem over the 20-year period from 1950-1970; i.e.,
from the fifth tc the twenty-fifth year after exposure. 1In the irradiated
spondylitics, the excess mortaiity corresponds to a cumulative total of
roughly 92-165 deaths from cancer per 106 persons per rem during the first
27 years after irradiation. If such rates, extrapolated to low-dose levels
without allowance for the possibie dependence of the effect on dose and dose
rate, are assured to apply generally, than exposure of the U.S. population of
about 200 million persons to an additional 0.1 rem during one year (approx-
imately equivalent to a doubling of irradiation from background sources) could
be expected to cause 1350-3300 deaths from cancer during the 25 years follow-
ing irradiation, or about 50 to 130 deaths per year, Continual exposure of
the population to the additicnal 0.1 rem per year could be expected ultimately
to cause 1350 to 3300 deaths annually, provided that the effect of a given
increment of dose did not persist beyond 25 years after exposure. However,
use of a factor to allow for the influence of dose and dose rate on the dose-
effect relationship might reduce these estimates appreciably.

In assessing the cumulative effects of low-level irradiation on an entire
population, attention must be paid to differences in age at exposuyre, duration
of the Tatency for carcinogenesis, and size and duration of the carcinogenic
effects; however, only tentative allowances can as yet be made for these
variables. MNevertheless, a range of values can be assumed for each parameter
(Table 1), enabling the effects of chronic low-level exposure of the U.S.
population to be estimated, at least for illustrative purposes. These es-
timates (Table 2) imply that exposure of the entire population continucusly
threughout 1ife at a dose rate of 0.1 rem per year could cause up to 1,700-
9,000 cancer deaths per year, corresponding to 0.6-2.9% of the natural cancer
death rate. For individuals exposed continuously from age 20 to age 65 years
at a dose rate of 5 rems per year, the same approach yields an estimate of
380-930 excess cancer deaths per 106 persons per year (Table 3), corresponding
to 1-2% of the natural cancer death rate at age 60-64 years.

Because the extrapolation model used in the above calculations made no
allowance for the influence of repair at low doses and low dose rates, the
derived estimates may be too high. For other reasons also, the estimates may
be too high or too low: (1) insofar as high dose data have provided the pri-
mary basis for the estimates, the risks may have been overestimated, owing to
side effects at the high dose levels whi_h may have enhanced the carcinogenic
action of radiation; (2) longer periods of follow-up may lead to estimates
of risk that differ in magnitude from those above; (3} the data on most
radiation-induced tumors are too scanty to allow construction of dose-incidence
curves adeguate for extrapolation; (4) uncertainty attaches to the RBE values
used for alpha and neutron radiations; (5) uncertainty attaches to the relevant
tissue dose, owing to nonuniformity in the distribution of the dose throughout
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the body; and {6} the carcinogenic effects per unit dose might,under certain
conditions, conceivably be even higher at lTow doses and low dose rates, owing
to less killing of the cells that are most susceptible to cancer induction,

Comment

The figures presented in the foregoing are not to be taken as precise
estimates aof risk, since they are derived from evidence that is now incomplete,
Moreover, the values are based largely on mortality data; and if expressed in
terms of cancer incidence, the estimates could be higher by a factor of 2.
Despite the limitations indicated, the current estimates suffice to indicate
that the mean dose to the individual, as well as the mean dcse to the pop-
uylation, should be kept as low as practicable,

Whether other somatic effects deserve to be considered in the same
cateqory with cancer in evaluating the risks of low-level irradiation remains
to be determined. For those effects that may be conceived to fall into this
category, however -- induction of cataracts, disturbances in the growth and
development of the embryc, life~shortening from causes other than cancer, and
impairment of fertility -- existing dose-effect data suggest that these are
not tikely to occur at dose levels compatible with present radiation protection
guides. Hence, it seems reasonable to limit consideration to cancer alone
for this evaluation,



Table I
Assumed values used in calculating estimates of risk shown in Tables 2 and 3.

Risk Estimate

Duration Duration Absolute Relative
of Latent  of Plateau Riskb 6. Risk
Age at Ir- Type of Period Region {deaths/10%/ (% incr. in
radiation Cancer {years) (years)? yr/rem) deaths/rem)
In Leukemia 0 10 25 50
Utero Al7 other
cancer 0 10 25 50
0-9 Leukemia 2 25 2.0 5.0
Years A1l other {a)30
cancer 15 (b)Life 1.0 2.0
10 + Leukemia 4 25 1.0 2.0
Years A1l other {a)30
cancer 15 {b)Life 5.0 0.2

2 pPlateau region = interval following latent period during which
risk remains elevated.

b The absolute risk in those aged 10 or mere at the time of
irradiation, for all cancer excluding leukemia, can be broken down into
respective sites as Tollows:

Type of Cancer Deathsfioﬁfyear/rem
Breast 1.5*
Lung 1.3
GI incl. Stomach 1.0
Bone 0.2
A1l other cancer 1.0
Total 5.0

* This is derived from a value of 6.0, corrected for a 50% cure
rate and the inclusion of males as well as females in the populatien.

{from Report of U.S.A. National Academy of Sciences Committee
on the Biological Effects of Ionizing Radiation, 1972)
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Table 2

Estimated numbers of deaths per year in the U.S. peopulation attributabie to
continual exposure at a rate of 0.1 rem per year, based on mortalitly
from leukemia and from all other malignancies combined.

Age at a a
Irradiation ABSOLUTE RISK MODEL RELATIVE RISK MODEL
Excess Deaths Due to: Excess Deaths Due to:
Leykemia A1l other Cancer Leukemia  All other Cancer
in Utero 75 75 56 56
0-9 years 164 {a) 73 93 {a) 715
{b) 122 (b)5,869
10 + years 277 (a)1,062 589 (a)1,665
(b)1,288 {b)2,415
Subtotal 516 (a)1,210 738 (a)2,436
(b)71,485 (b)8,340
TOTAL (a) 1,726 = 0.6% increase (a) 3,174 - 1.0% increase
{(b) 2,001 = 0.6% increase (b} 9,078 - 2.9% increase

The figures shown are based on the following assumptions:

{1) 1967 U,S5. vital statistics can be uysed for age specific death
rates from leukemia and all other cancer, and for total U.S.
population.

(2) Values for the duration {a or b} of the latent period (the
length of time after irradiation before any excess of cancer
deaths occur), duration of risk {"plateau region"}), and
magnitude of average increase in annual mortality for each
group are as shown in Table 1.

(From Report of U.S.A. National Academy of Sciences Committee
on the Biological Effects of lonizing Radiation, 1972)
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Table 3

Estimated excess annual numbers of cancer deaths for individuals exposed
from 20 to 65 years of age.

fopulation ABSOLUTE RISK MODEL RELATIVE RISK MODEL

Exposed ard dose rate
Excess Deaths Due to: Excess Deaths Due to:

Leukermia A1} other Cancer Leukemia Al1 other Cancer

U.S. Pap'n 0.1 remn/yr 195 {a) 727 136 fa) 1,344
(b) 808 (b) 1,793
106 people: 5 rem/yr. 81 fa) 300 181 (a) 601
(o) 336 (b} 746

{From Report of U.3.4. National Academy of Sciences Committee

on the cffects of lonizing Radiaktion, 1372)



NON-IONIZING RADIATION

BIOLOGICAL ETFECTS AND L¥POSURL STANDARDS FOQR RNON-LONIZING
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Department of Radiation Bliology and Bicphysics
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Abstract

Hon-ilonilzing radiant energies at certain {frequencies, intensities, and
durations of exposure can produce biological effects which may be beneficial
as well as harmful., TFor the general population and those persons exposed or
with potential for exposure to these energies, personnel exposure guidelines
and product emigzlon standards have been pronwulgated for some of these
energies. Personnel protection guides or expesure standards are usually those
estaplished by the American National Standards Institute (ANS1}, American
Conference of Governmeatal Industrial Hyplenists (ACGCIH) or Department of
Defense. Some industrial organizations have standards of their own which may
be modifications of the national standards. Legislation for personnel exposure
and product emnission levels for NIR are covered under the Cccupational Safety
and Health Act of 1970 and the Radiation Control for Health and Safety Act of
1968, respectively. It is important that distinction be carefully made between
product emission standards and personnel exposure standards and how they
relate to potential injury. A proper perspective and rcalistic assessment of
the biomedical effects of these radiant energies is esscential se that the
indiwidual or general puhlic will not be unduly exposed nor will research,
development and beneficial utilization of these energies be hainpered or
restricted.

Introduction

During the last quarter century there has been a marked development and
Increased utllization of equipment and devices for military, Industrial, con-
sumetr uze, and medical applications that emit a large variety of non-ionlzing
radlant (NIR) energies; these ineclude ultraviolet, infrared, visible light,
microwaves, and radio-frequency, Because of the blolugical consequences of
these energies, the "Radiation Control for Health and Safety Act of 1968"
(PL-90-602) and the "Occupational Safetry and Health Act of 1970" (PL-91-596)
(OSHA) were enacted te protect the general public as well as the worker,

#The work upon which this paper is based was performed pursuant to Contract
No. FBA 73-30 with the Publlc Health Service, Foud and Drug Administration,
Department of lealth, Education and Welfare, with support by the Bureau of
Medicine and Surgery, U.5. Navy, and with the U.S. Atomic Energy Commission
at the University of Rochester Atomic lnergy Proieccet and has been assigned
Reporl Ke. UR—-3490-247.



The Radiation Control for Healtnh and Saflety Act requires the Secretary
of Health, Education and Welfare (HEW) to prescribe performance standards for
U.S. produced and imported electronic products, if he dervermines that such
standards are necessary for the protection of public lealth and safety. An
electronic product, under the Radiation Control Act, Is any product that uses
an electronic circuit and that may generate ionizing or NIR, or svund waves.
Any manufactured or assembled product is covered by the Act 1f it emicts
radliatjon and contains an electronie circuit or functions as part of an elec-
tronic circult. Responsibilicy for day-to-day administration of the Act has
been delegated to the Bureau of Radioclogical Health (BRH).

To assure safe and healthful working conditions, OSHA provides broad
authority to the Departments of Labor and HEW to develop criteria for dealing
with potentially toxic materials and harmful physical agents,such as NIR,
indicating safe exposure levels for workers for various periods of time.

Some NIKR energies at certain {requencies, Iintensities, and exposure
durations can produce hiological effects or injury depending on multiple
physical and biological wvariables. Although devices which utilize or emit
¥IR pravide Immeasurable benefits to manwind, they may also create potential
hazards to the individual through uncontrolled and excessive emissions. Con—
seguently, questions are being ralsed such as: 1) Are there any problems,
and if so, how scrious are they? 2) How adeguate is our present knowledge
about hazard to personnel from these cnergies? 3) How can exposure be
reduced? 4) How can better regulation be obtained te reduce exposure?

For the general population and those persons exposed or with potential
for exposure to these enegies in the course of their vcecupations, personnel
cxposure guidelines and some product emission standards have been promulgared.
Personnel protection guides or expozure standards are usually those estab-
lished by the American Kational Standards Institute (ANSI), American Con-
fercnce of Governmental Industrial Hygienists (ACCIH} or Department of Defense
as well as BRH. Sorme industrial organizations have standards of their own
which may be modifications of the national standards.

Standards

A summary of the various guidelines and standards 1s shown in Table 1178
In spite of the fact that thls com-
Il pilation is oversimplified and many
e e details are omitted, it does indicate
the complexity and variety of protec-
tion guides for NIR.

To insure uniform and effective
control of potential tealth hazards
from exposurc to KIR, it is mecesgsary
to eslablish standards or protection
guides. Detailed discussion of
exposure standards is presented by
Matelsxy?, Michaelson®*’, ané Schwan.”

Ideally, etffect or threshold values
T P : e should be predicated on firm human data.
com - If such data atre not available, however,
extrapolation from well-des igned, ade-
quately-perforned and properly analyzed
aulmal investigations ls required. In
discussing standards for KIR, it is necessary to keep in mind the essentlal
differences between a "versonnel exposure' standard and a "gerformance'
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standard for a piece of equipment and how they relare to each other. An
exposure standard refers to the safe (incorporating a safety [actor of at
least 10) level of whole-body exposurc and exposure time. ‘This standard is a
guide to people on how to limlt exposure for safety. An emission standard
{or performance standard) refers not to people butb to eyuipment and specifies
the maximum emission close to a device which ensures that likely human
exposure will be at levels far below this limit which essentially is several
orders of nmagnitude below the personnel exposure standard. As an exanple,
ome can cite the standards for microwaves. Tor personncl exposure Che
standard is 10 mW/em®. For microwave ovens the enission or product perfor-
mance standard is 1 mW/cem? at manufacture and a maximum of 5 mW/em® throughout
the 1life time of the oven. This level is measured at 5 cm from the external
surface and should be considered in relation to a restricted field with only
a small areg of the body potentially exposed.

Conceptually, as well as practically, these guidelines bear no relation-
ship to the use of these epnergies in the context of medical diagnosis and
treatment and should not be applied for such purposes. These standards for
product emission and personnel exposure are designed to protect the general
nublic and the worker, and arce hased on entirely different criteria than one
would apply for diagnostic and therapeutic purposes. Ino the medical context,
on the hasis of vecupational and general personnel protection standards,
individuals are grossly '"over-exposed' to radiant energies to achieve a
specific diagnostic or therapeutic result. Diathermy at 2450 MHz creales
incident energy exposures on a watt level to achieve desired tissue e ating;
ultraviolet erythemal doses arempushed to the limit to cuntrol serious cases
of acne vulgaris and psoriasis;” Q-switched lasers are used by ophthalmolo-
gists Lo literally "cook”" the back of the eye to restore a detached retina to
a semblance of its normal anatomie position.'® To draw a parallel with
ionizing radiation, used therapeutically, the localized exposures of cancer
patients to incident f3Co garma radlation grossly exceed current guldelines
for general population and occupational exposures. This is brought out simply
to emphasize that current standards are in no way applicable to medical uses
of any of the non-iovnizing radiant energles, noer should they be.l*

Biophysics

To provide a basis for understanding the biologic effects of NIR, review
of some fundamental aspects of electromagnetic radlation is indicated. The
non-ionizing electromagnetic (EM) spectrum encompasses wavelengths from
3x10% m to 3x107% nm (fig. 1).'?

Figure 1. As the frequency decreases, the
NCAh- ONIZING EIECTICMAGNLT L RADIAT ON° EM energy of the emitted photons is
st e m“:éiwmwwﬂ insufficient, under normal circumstances,
Wp e T4 mamann e to dislodge orhital elecrrons, and
;+&m.ﬁ:llw_ ::E:: I E R (A produce ion pairs. Tie minimunm photon
::nm:::i T e > Pt . energy capahle of producing ionization
S v L e ig  In water and atomic oxygen, hydrogen,
'r'w=nw{ T . Te AMISIS-SOSKHL o nitrogen, and carbon is between 12 and
. - 1n fz%ji";éE;ﬁgpgéﬁt?Mlh_ﬁ" E 15 electron velts (eV). Inasmuch as
e e ;5;1225 13 ? these atoms counstlitute the basic ele-
_Jh:"_“;jjinnuﬂtgi i 1B ments of living tissue, 12 eV may be
T T sewanen 5 considered the lower limit for ifvniza-
:z: :l:hw . Y asrun tion In biologlcal systems. Since the
Wty P v BIBLE LshT energy value of 1 quantum of NIR iy
! ::}hw Y eze e considerably less than 12 eV, the type
jj e of electronic excitation necessary for
-} :Lﬁn, ionization is not posgible no matter

now many quanta are absorhed. NKIR
absorbed into the molecule either
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affects the electronic energy levels of its atoms, or changes the rotational,
vibrational, and tramsiticnal energies of the molecules. Changes are

produced in biological systems through either photochemical {(ultraviolet)and/or
thermal modes {(infrared, microwaves).13

A factor that has been a source of continuing concern has been the
problem of measurement of energy absorbed by biological tissue. Knowledge of
the incident energy is inadequate to explain what Is happening within bio~
logical structures, and these occurrences must be correlated with absorbed
energy. In some cases of NIR exposure we are incapable of describing the
incident energy, not to speak of its absorption, as is the case in the near-
field of a microwave source,

The phenomena of reflection, transmission, and energy absorption occur in
biological tissues that are exposed to some NIR energies. 1In the case of
microwaves, these phenomena occur not only at the ipitial entry point or
exposed area, but also at deeper tissue interfaces such as the fat-fascia-
muscle layers, and within tissues themgelves., When microwaves are used,
frequency specificity of interactions create complex problems. Considerable
effort will have to be expended in this area of dosimetry before problems,
controversies, and existing confusion can be resolwved.

UCltraviolet Energy

For ultraviolet (u.v.) exposure, the critical organs are the skin and
eyes, resulting in erythema of the skin and skin cancer, rapid skin aging,
photosensitization, and keratoconjunctivitis,

Specific absorbed wavelengths of u,v., that can elicit a specific
biologic response constitute the "action spectra” for that response. These
action spectra define the relative effectiveness of different wavelengths in
eliciting a specific response when absorbed.® Determination of exposure
criteria for u.,v. effects has becowe increasingly difficult with the proli-
feration of action spectra. A great number of uncertainites still exist in
what constitutes a "threshold” effect.'?

In the intact animal, incident u.v. does not penetrate through the skin,
Below 290 nm absorption inm humans is entirely in the epidermis. Between 290
and 320 nm, less than 10 percent reaches the dermis; above 400 nm, over 50
percent reaches the dermis. Whole-body exposure to u.v, is possible, however
common articles of clothing are effectively opaque to ultraviclet.

In 1948, the Council on Physical Medicine of the American Mediral Asscci-
ation Issued criterla for safe exposure to radiant energy from u.v. germicidal
lamps.2 This group recommended that for the primarily used waveleangth, 253.7
nm, exposures should not exceed 0.5 WW/em? for periods <7 h, nor 0.1 p/em? in
the case of continuous exposure.

The American Conference of Governmental Industrial Hygienists (ACGIE)
has also proposed threshold-limit wvalues (TLV) for u.v.! The TLY for occu-
pational exposure to u.v. incident upon skin or eye where irradiance values
are known and exposure time is controlled are as follows: 1) For the near
u.v, spectral region (i 320 to 400 nm) total irradiance incident upon the
unprotected skin or eye should not exceed 1 nW/cm? for periods >10% s and for
exposure times <10° s should not exceed 1 J/cm®. 2) For the actinic u.v.
spectral region (A 200 to 315 nm), radiant exposure incident upon the uaprg-—
tected skin or eye should not exceed 100 mJ/cm® for X 200 am to 1000 m e’
for & 315 nm within an 8 h perilod. However, the relative spectral (S))
effectiveness of the radiation nas to be taken into consideration, i.e. fer
276 n= Sk = 1.0, for 254 nm S} = 0,5, These are described as follows:'*'?
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Maximum 2x10" 297 1.0
Erythemal 3107 34a0 0.3
Dose 1.26x10" 254 0.5
Maximnum ]U”" 288 1.0
feratitcic 3x%10° 274 1.0
Dose

A criteria document for a recommended standard for Occupaticnal Exposure
to Ultraviolet Radlation has been pubiished by the U.S, Dept. of HIEW,
Natianal Institute for Qccupativnal Safety and Health (WIOS5H). Thais document
incorporates the ACGLH vroposced TLV for Ultraviolet Exnosure, Tiese recom—
acndations have as o t not been adcted upon by OYHA. M

The above are related to expusures to the nen-ionizing, non-coherent
sources of u.v., where the mode of interaction with matter has been primarily
a photorhemical one. 1t is likely that exposure to low-—power lascrs cmitting
in the u.v. willt also produce photochemical reactions, Ilowever, the nighly
vollimated aspect of such generators may produce energy densities on the
cernea sufficient to give rise to tnermal effects. With higher output lasers
qufficient enerpgy may penetrate the cornea of the eye and the epithelivm of
the skin to produce elfects nob xnown at present.’?

Visible Energy (Light)

The hazards to man {rom visible light are relatively few and mostly come
from artificial sources such as lasers and certain high iatensity light
gources which can produce absorbed energy levels groater than 50 cal/em® fmin.
ltems which would probably Fall in tais category include nigh intensity
reading lasps, movie and glide projector bulbs, spot lights, fleod 1lights, etc.

The penetrating ability of visible light is slight except for Lraus-—
narent materials suchh as the lens and hurers of the sye. Ligat entering the
eye from a brisht source 1s focused on the retina and therefore, the thermal
irradiance is independent of the inverse square law for Image sizes greater
than the diffraction limit.'" Because of lts narrow depth ol penetration,
vigible light in general does not manifest itselfl as a potential npazard.

There are situations, however, in which it can become hazarcdous. For example,
pulsating light at certaian frequencles has been reported us a potential source
for producing psychulogical eflfects. Epileptiform responses have been
produced in animals and children exposed tu pulsating iight near the alpha
rirythm frequency of the EEG.

Due tu the optical properties of Lhe eye Lhe teat energy per unlt area
onn a small part of the retina may be greater by a factor of 12° than an the
cornca. ror visible light a power density ol i W/em® will exceed the threg-
holé for paln within 1 s; with a thermal time constant of 3.1 s, the thres-—
hold encrgy deasity per pulse will be 0.1 Jicw’ . These factors becone exceed-
ingly important in relation te ceherent light sources (laser)., The sensation
of heat, nhowever, serves as an effective warning systew under those conditions
where thore s tlme to react.

tormally, intense and bright sunlight causes maximal constriction of tae
puplil tihus reduring the energy deasity on fne retina. DBrignt sunlight,
furthermore, causes pailnful photophobia whieh will notl permit zroionged direct
and [ixed observation of the sun., The 1id reflex (epproximately 150 ws) Is
grnelrer mechanlsm o protect the evye.  The coentinuous actlou ol Lhese

vl
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be adequate under normal condisfons to aveld bura injuries to tiae
ret ind.
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There appear to be three predominant factors contrelling potential
hazard to the eye: 1) intensity, 2} pupil dilation (that is, the area of
cxposure}, and 3) length of exposure. 1f these factors are controlled to
keep the absorbed energy below the threshold of thermal burning (reported to
be between 40 and 50 cal/cm® per min), no eye injury should be expected.

Infrarec Fnergy

Infrared (i.r.) extends from beyond the red end of the wisible portion of
the EM spectrum (750 nm) to about 1x10° nm. The i.r. spectrum is frequently
arbitrarily divided into three bands:; the near i.r. (750-3000 nm), the middle
i.r. (3x107 - 3x10" nm), and the far i.r. (3x10" to approximately 1x10% nm).

There is litrle evidence that photons in the i,r. {(i.e., legs than 1.5
eV) are capable of entering into photochemical reactions In bLiological systems,
probably because they are too low in energy to affect the electron energy
levels of these avoms. The interaction that dpoes occur upon absorption
involves an increase in the kinetic encrgy of the system, producing a degra-
dation of the radiant energy to leat.®

Most biovlogical materials are considered opaque to wavelengths shorter
than 1500 nm because of the almost complete absorption of these energies by
water. Radiant energies in tle short wavelength region of the near i.r. can
be transmitted into the deeper tissues of the dermis and the evye.

The most prominent direct effects of lowv wavelengtn i.r. on the skin
include acute skin burn, Increased wvasodilation of the capillary beds, and an
increased pigmentation which can persist for long periods of time. Under
conditions of continuous exposure to high intensities of i.r., the erythema-
tous appearance due to vasodilation may become permanent. Many factors
mediate the ability to produce actual skin burn, and 1t is evident that for
this immediate effect, the rate at which the temperature of the skin is
pEraitted to increase is of prime importance,®

The threshold for warmth perceptlon in the skin Is reached at a warming
of the skin at a rate of aboulL .001-.0029C/s at a skin temperature of 32°C-
37°9C¢.  fhreshold and intensity of temperature sensation depend to a large
extent on the size of the skin area changing temperature. Similarly, the
minimal time of warming the skin before a temperature sensation is elicited
depends on the size of the area affected and on the density of the specific
tempe rature receptors in that area. Experimental evidence indicates that
tenpe rature sensation is little influenced by the absolute Etempe rature of
the skin and is §Dverned by the rate of chauge of the skin tempe rature. °
Results of Cook, 7 however, indicate that skin temperature is the vital factor
it determining pain, though only In so far as this is a measure of the
temperature of the thermal pain recep tors below the skin surface.

The cornea of the eye is highly transparent to energies between 750 nm
and 1300 nm and becomes opaque to radiant energy above 2000 nm, Thermal
damage to the cornea is dependent upon the absorbed dose, and probahly oceurs
in the thin epithelium rather than in the deeper stroma. A dose of 7.6 w 4/cem?
of A B80~1100 nm was found to elicit mininum regressive corneal damage;
whereas only 2.8 W s/em? A 1200-1700 uam procueed this response.ls These
values dare consistent with absorp tion characteristics. With excessive exposure
to these critical wavelengths, there may be complete destruction of the pro-
tective epithelium, with opacification of the atroma due to coagulation af
the protein., Obviously, such denaturization in an area over the pupil would
sceriously Interfere with vislon. The probability of incurring such an insult
is low except where highly collimated sources can irradiate the eye without
aroducing the sensation of pain in the surrounding skin tissue,®
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Damage of the lens of the eye from i.r. has been the subject of con-
siderable investigation over a period of many years. The term "Glass~Workers"
cataract has become generic for lenticular opacities found in individuals
exposed to processes hot enough to be luminous.® 1In 1807, Robinson'? pub-
Iished the results of his investlgations in England on the incidence of
opacities on the posterior surface of the lens in the eyes of pglass workers
that were different than senile cataracts in appearance. It was upoen his
recommendation that the disease, radiation cataract, became scheduled in
England as occupational in origin and by 1921 was copied intc the U.5, Work-
man's Compensation Act. Although some serious dissent has arisen as to the
validity of the data obtained by earlier investigators,?® the weight of evi-
dence as of now favors the concept that i.7. emitted from hobt sources in
industry is the etiological agent responsible for i.r. cataractogenesis.21

Protection guides for i.r. expousure are designed primarily [or protectlioun
againat ocular effects. The main difficulty, however, in devising protection
standards against l.r.-induced cataract is to correlate the information on the
radiation emitted during industrial proucesses with cataract formation. The
intensities of i.r. which cause cataract are unknown. Only 4 small amount of
experimentation on animals has been done but it has provided some knowledge
of the way calaraclt is formed; the numerical data cbtained cannot be used in
devising standards, due to the relatively massive and frequent doses used in
experiments, and possible physiological and anatomical differences in rabbitl
and human eyes.

The tolerance limits of the hwnan body fer i.r. have been determined.
An incidenr intensity of 0.04 cal/cm’/s of short-wave i.r. can just be toler-
ated by epigastric and interscapular skin areas of 144 em? 22 Approximately
25% of this energy flux would be reflected, so this corresponds to a tuler-—
ated transmitted intensity of 0.03 cal/cm®/s. It can be estimated that the
maximum incident Intensity of long-wave i.r. that can be tolerated by a
lumbar area, 12x12 cm, is also approwimately 0.03 cal/em®/s.2%

Transmission and absorption factors ol the ocular media for the i.r.
spe ctrur and rhreshold doses to elicit winimum damage have been determined:®*?!®

1) For corneal damage: 7.6 J/em?, 800-1100 nm; 2.8 J/em®, 1200-1700 om.

2) Corneal exposure to produce damage in the iris: 10.8 Jicmz, 800~
1140 nm.

3} Corneal exposure for production of retinal burns: 1 J/cr? (this
value determined with a 0.1 s cxposure to 20-40 J/cm? causing a
1 rm burn).

Laser

The acronym LASER (light amplification by stimulated emission of radia-
tion} 1is commonly applied to a device which produces an intense, coherent
directional beam of light by stimulating electronic or molecular transitions
to lower energy levels.® The characteristics of lasers which influence their
effect upon biological systems include the duration of the pulse, the time
interval between pulses, the specific wavelength emitted, and the energy
density of the beam. The degree of damage vroduced depends upon the absorbing
tissue, its absorption echaracteristics, the size of the absorbing area, and
its vascularity.a It has become common practice to describe the output of
pulsed lasers in terms of energy (joules), and that from continuocus wave (CW)
lasers in terms of power {watts). The J/cm® is used to express absorbed
energy density, and the W/em® to descrihe power density.E

Biologic effects can cceur through three mechanisms of interaction: a)
thermal effect; b} acoustic transients; or c) other phenomn- ° The latter
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two effects are only seen wlith high power density laser pulses., When laser
light impinges on tissue, the absorbed energy produces heat. The resultant
rapid rise in temperature can easily denature tissue pratein. Since tissue is
not homogeneous, light absorption is not homogeneous and the thermal stress is
greatest around those portions of tissue that are the most efficient absorbers.
Rapld and localized absorption produces high temperatures. Steam production,
evident only at high exposure levels, can be quite dangerous if it occurs in
an enclosed and completely filled volume such as the cranial cavity or the
eye. A second interaction mechanism is an elastic or acoustic transient or
pressure wave. As the light pulse impinges on tissue, a portion of the energy
is transduced to a mechanical compression wave (acoustic energy), and a sonic
transient wave is built up. This sonic wave can rip and tear tissue and if
near the surface, can send out a plume of debris from the impact. Other
phenomena such as free radical formation. are believed to exist during laser
impact ogsbiolcgical systems, but thls has not yet been conclusively demon-
strated,

The primary hazard from laser radlation is exposure of the eye. Ixposure
levels, 1f kept below thoge damaging to the eye, will not harm other tissues
and organs o¢f the body, Eye damage can range from mild retinal burns, with
little or no loss of visual aculty, to severe lesions with loss of central
vislon, and total loss of the eye from gross over—exposure., Long-term
exposure of the retine to wavelengths in the visible spectrum, at levels not
far below the burn threshold, may cause irreversible effects.

Excessive i.r. (1.4-1000 um) exposure causes a loss of transparency or
produces a surface irregularity In the cornea. Damape results from heating
of the cornea by absorption of the incident enerpgy by tears and tissue Fluid
in the cornea. Although the critical temperature thresheld is not known, it
does not appear to be much above normal body temperature, and there are indi-
cations that it is a function of exposure time.?®

Excessive u.,v. (0.2-0.4 pLm) exposure produces photophobla accompanied by
redness, tearing, conjunctival discharge, surface exfoliation, and stromal
haze, Damage tc the corneal epithelium by absorption of u.v. probably results
from photochemical denaturation of proteins or other molecules in the cells.
Some of the most important molecules are the desoxyribonucleic aclds (D¥A)} and
ribonucleic acids (RNA)}. The absorption is probably by selective sensitive
paortions of single cells. Thus the action of the u.v. 1s photochemical rather
than thermal, since the temperature rise calculated for experimental exposure
is negligible.’

The type of damape inflicted on the eye by laser beams ranges, therefore,
from a small and inconsequential retinal burn in the periphery of the fundus,
to severe damage of the macular area, with consequent leoss of visual aculty,
up to massive hemorrhage and extruslion of tissue into the vitreous, with
possible loss of the entire eye.z?

The large skin surface makes this tigsue readily avallable to accidental
and repeated exposures to laser energies. The bilological significance of
exposure of the skin to lasers operating in the visible and i.r. regions is
considerably less than exposure of the eye, as skin damape is usually repairable
or reversible. FEffects may vary from a mild reddening {erythema) to blisters,
and charring. Depigmentaticn ef the skin, ulceration and scarriag ard damape
to underlying organs may occcur from extremely high povered laser sources.

Latent and cumulative effects of laser e¥posure are not known at this
time. Little or no data are available describing the reaction of skin exposed
to lasars in the 0.2-0.4 Um spectral reglon, bur chronic exposure to u.v. in
this ranges zan have a carcinogenic actlon on skin as well as elicitiag an
ervthizmatous response.
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On the basis of studies with non-coherent u.v., exposure to wavelengths
in the 0.25-0.32 1m spectral region is most injurious to skin. Exposure to
the shorter {0.20-0.25 .m) and longer (0.32-0.40 um} u.v. is considered less
harmful to normal human skin. 7The shorter wavelengths are absorbed in the
ocuter dead layer of the epildermis (stratum corneun), and exposure to the
longer wavelengths has merely a pigment-darkening effect. The sensitivity of
skin, however, to the longer wavelengths may be increased by known or
inadvertent usage of photosensitizers.”

One cannot discuss potential hazards from laser energies without
mentioning operationally associated hazards such as: 1) compressed gases,
2) cryogenic liquids, 3) ionizing radiation that may emanate from laser
power supplies and components, 4) toxic materials used in laser targets or
laser system elements. Attentlon should alsc he paid to adequate ventilation
to eliminate or reduce exposure to toxic materials to safe levels.®

ANST, ACGIH, and BRH have or are in the process of developing laser
standards. Selected maxinum permissible exposure {(MPE) laser levels for
ocular effects are shown in Table II. These have to be understocd, however,
in the context and with consideration of the laser classification systenm that
has been developed.® Because of the complexity of these standards, the ANS1
standard® and the ACGIH, TLV- should be consulted.

HeE 11 Microwaves/Radicfrequency

Maalmum Permissibie [xposure [MPE) to Laser ‘ar Jlrect Jcular

|t rasmar iewing ‘or 3icg'e Pulses or iapesurest

The radiofrequency (rf) portion of
the B! spectrum is considered to extend

et o dawe Lengeh U oot _we  from 0.03 Mz (very low frequency -VLF)
Sravisrer a0 om0l 3xdt am el to 300,000 Mz (extremely high frequency
— - " P - IHF). On a functional or operational
R " . oz mi - em ¥ basig, frequencies in the regien from
515 o - " L. 100 Mz to 300,000 MHz (300 Gliz) are
s um ca wb A 18 ra o 13w e e designated as microwaves.
Wisib e anz [T PP BN
wer it 0 e Of the various NIR energies, the
by rf and microwave bands have elicited

the greatest interest and concersn as
well as confusion in consideration of
the real and substantiated effects vis
a” vis unsubstantiated or speculative
effects, Waen considering the bio-
logical effects of rf energy, the wavelength of the energy and its relatlion-—
ship to the physical dimensions of exposed cbjects become important factors,
Absorption of the energy depends upon the dielectric properties of the tissues
and the relative absorption cross section of the exposed subject. Thus, the
size of the object with relation te the wavelength of the incident field plays
an important role.?”

Far I-frarer Ponom i ]IJ3 jng

#hcante: from ANSD [ & T ALE e ! In

In bivlogical systems absorhed rf is transformed into increased kinetic
energy of the absorbing molecules, thereby producing a general heating of the
tlssue, Such heatinpg results Irom bhoth ionic conduction and wibration of the
dipole molecules of water and proteins.”’® The absorption of rf is dependent
upon the electrical properties of the absorbing medium, specifically, its
dielectric constant and electrical conduectivity. These properties change as
the Frequency of tie applied electric field changes. Values of dielectric
constant and electrical conductivity and depth of penetration have been deter-~
rnined for many tissues.’’ The ahsorption of rf energy is high and the depth
of penetration low In tissues of high water content such as nuscle, brain
tigsue, internal organs, and swin, while the absorption Is lower in tissues of
low water content such as f£st and bone. Reflections hetween interfaces separ-—
ating tissues of hiph and low water countent can produce standing waves
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accompanied by "hot spots’ that can be maximum in either tissue, regardless
of dielectric constant or conductivity.23

Extensive investigations into microwave bloeffects conclusively show that
for frequencies between 200 MHz and 24,500 Mz, exposure to power density of
>100 mW/cm” for 1 h or more could have pathophysiologic manifestations of a
thermal nature. At power densities <100 mW/cm®, however, evidence of patho-
logic change is non—existent or equivercal. According to the best evidence
available, the most important, if not the only, effect of microwave absorption
in the mammal is the conversion of the absorbed energy inte heat. Whole-
hody exposure of various species of animals to microwaves at levels >10 oW/ em?®
is characterized by a temperature rise which is a function of the thermal
regulateory process of the animal. The end result is either reversible or
irreversible change depending on the conditions of the exposure and the
physivlogic state of the animal.®! Smaller animals chow a greater temperature
response than do larger animals at equivalent exposures,.’

Irradiance levels of 10,000 MiHe and 3000 Mz nicrowaves required to
produce a threshold sensation of warmth have been obtained.**’* These data
indicate that when a 40 cm’ area of the face is exposed to nicrowaves, thermal
sensation can be elicited within 1 s at a power density of 21 mT,Jf’cm2 for
10,000 iz and 58.6 mil/cm® for 3000 “Hz. Within & s the threshold is lowered
by approximately 50%, i.e. 12.5 oiW/em® (10,000 MHz) and 33.5 mi/cm® (3000 MHz).
On this basis, if the entire face were to be exposed, the threshold for thermal
sensation ro 10,000 Mz would be 4-6 mi/em® within 5 s or approximately 10
mi/cm? for a 0.5 s exposure. Threshold for pain reaction to 3000 Hz exposure
of a 9.5 em” area of the forearm ranges from 830 miW/cm® for exposures longer
than 3 min to 5.6 W/cm? for a 20 s exposure period. If a larger area (53 em?)
is exposed, the pain threshold for a 3 min exposure is 560 mW/cm?.!’ These
data and other information on microwave sensation suggest that cutanewus per-
ception of microwaves may provide a protection factor with sufficient margin
of safety constituting a warning mechanism to prevent exposure Lo microwaves
at levels that could be injurious.3

Microwaves have been shown to produce cataracts in some experimental
animals, notablv rabbits, and there are also reports of microwave-induced
cataracts in man. In animal studies, the technigques used and interpretation
of the results and conclusions, however, are gquite orten equivocal. Careful
review of the reports on human cataractopgenesis indicates that there has been
insufficient quantitation and correlation of pathophysiology with the level of
microwave exposure.

Carpenter and his assoclates’® have reported that single or repeated
exposures of rabbits' eyes with 2450 MHz pulsed or CW can cause cpacity when
the lens termperature increases 4°C. These authors have suggested a "cumulative'
effeclk on the lens from repeated "sub—tbreshold" exposures of rabbits' eyes to
nicrovaves.

In order not to econfuse this supggested "cumulatlve' effect with that
recopnized fer {onizing radiation, it is important to define the cumulative
effect produced by ionizing radiation to put this point in its proper per-
spective. Cumulative injury from exposure to ionizing radiation is a mani-
festation of the irrepairability of a certain fraction of the injury which has
been designated as Residual Radiation Injury. Such Residual Radiation Injury
is additive with frequency of exposures and i1s not dependent on intervals
between exposures once the full recovery potential has been realized.® &
cumulative effect is the accumulation of damage resulting from repeated
exposures each of whieh is individually capahle of producing some degree of
damage. Careful analysis vi the work of Carpenter et al’®, as well as
willians et al®’ and Birenbaum et al?? reveals that whenever lens opacity is

-~ . . 7. .
produced in animals, a threshold (>100 mlé/cm”; »1 h) becomes obvious. No one
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has yet been able tc produce cataracks even by repetitive exposures when the
power density is really below threshold.

I+ is important to note that lens ecpacity has consistently been produced
in only one species, namely the rabbit. One can question whether the rabbit
is the most appropriate animal medel. According teo Cogan gE_giéa, with local
microwave exposure the cataractogenic level for monkeys has been found to be
higher than for rabbits.

Most epidemiclogical studies in the U.S. have involved the ocular lens.
The few reports 0?¥1*#22%3>"%  thap are available are highly questionable and
hawve not been found acceptable by corpetent ophthalmolopgists.

The suggestion that microwaves may interact with the central nerveus
system {CKS) by some mechanism other than heating has been made by several
investigators, mostly in East European countries, who stress that the CNS must
be considered as being moderately or hiphly sensitive to rf or microwave energy
absorption. The first report on the effects of microwaves on conditicnal
response activity of experimental animals was made by Gordon 53‘2;,“5 In sub-
sequent vears, the study of the ''monthermal" effects of microwaves gradually
occcupied the central role in electrophysiolegical studles in the Seviet Tnion.®

YMany investipgators do not accept the possibility of nonthermal neural
stimulation by microwaves and explain these effects entlirely upon local heat-
ing."'h"‘a’b'9 They suggest tnat thermal stimulation of the peripheral nerves
could produce the neurophysiological and behavioral changes that have been
reported.

Eastern European investipators have contributed most of the reports of
effects of rf and microwave energies in man. °?"%23%25! The preatest emphasis
is placed on effects produced at less than "thermogenic'" power flux densities
(<10 mW/cm®). According to these investigators, the basic symptomatology and
neurcpatholopy underlying all of the reported syndromes is described as due to
the functional disturbance created in the CNS by ""nen-thermal" mechanisms.
These effevts are reported to occur In cecupatlonal exposures at levels far
below tnose required to produce a temperature rise. The symptoms are manifested
by weakness, fatigue, vague feelings of discomfort, headache, drowsiness, pal-
pitations, faintness, memory loss, and confusion. These syndromes are appar-
ently completely reversible in most cases, with little or no time lost from
work.”? Much of these reports is based on subjective rather than objective
findings, and measurement pf field intensity in most cases is not comparable
from worker to worker or factory to factory.’°

Dcdge,ﬁh in his review of the Soviet research in this arca, has stated,
"An often disappointing facet of the Soviet and Fast Eurcpean literature on
the subhject of clinical manifestations of microwave exposure is the lack of
pertinent data presented on the circumstances of irradiation...important envi-
ronmental factors (heat, humidity, light, etc.) are often omitted from clinical
and hygienic reports."” A point that should be noted i1s that in the West the
effects reported by East European investigators have not been observed, even at
much higher exposure levels.

Microwave exposurc standards for most of the Western wolld are based, with
minor variations, on standards developed in the U.S8. (table III). The origi-
nal U.5. standard was tentatively adepted about 15 years ago on the basis of
thearerical considerations by Schwan and his associates. This standard was
based on the amcunt of exogenous heat which the body could tolerate and digsi-
pate without any resulting rise in body temperature. This tolerance level was
calculated to be 10 mlW/cm® for continuous exposure. Intensive investigation
inro the biocloglical effects of microwaves was subsequently carried out by the
U.S. Department of Defense. Hone of these investipations was able to produce
any evidence for a biological effect at levels even approaching the thecretical
level of 10 mW/em? and, indeed, no conclusive evidence was established fpr any
effect below the level of 100 m¥/em’. *!
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The ANSI standard of 10 mi/cm® for radiofrequency exposure recommended in
1966 and reaffirmed in 1973," is roughly a factor of ten below thresholds of
damape by thermal effects, assuming a long duratlon of exposure—-—i.e., one
quarter h or more. The 10 mW/em® level is based on thermal equilibrium con-

Table IIT ditions for whole-body exposure. For
) normal environmental conditions and for
RECIMAFRITD 4A ne PERM'NFIELE INTOMS TIT3 705 LARIG-FALLIFRET ARG .AT 1N . K d t l . f f
- ' incident electromagnetic energy o re-
e ! °, Do o s i g et ang quencies from 10 ¥MHz to 100 GHz, the
bERA e owm M| et memien padiation proteckion guide is 10 mW/em?
ILAT ullY.lIu 1348 AL FEPCELMF s i
} il____ and the equivalent free-space electric
IOIC o E-hﬂ ih: NSF 40 EOD

Cy et e T awe AR Feers veR Pt Ry alry and magnetic field strength: approxi-
| oo s uneew. mately 200 V/m 28 and 0.5 A/m RMS,

' i respectlively. TFor modulated fields,
power density and the squares of the

. field intensities are averaged over any
e s 3 L_Efﬁ?agzﬁ“_ 0.1 hour per:od, i.e. none of the fol-

A

—
I _SeEIER 14é)

1
|
] GLARAK FEC. ur'muc I;S 1 -

> i 1 Lhak 136 'qu, qs

i winiae lowing levels should be exceeded in any

i:u — flzc:j::” _ e 0.1 hour periocd: Electric Field Strength
e T T o Squared - 40000 ¥P/n®; Ma I I
. czc'liti;:aﬁia_w_-n-_, | _ p..__;?f'.';"ﬁa,-’;l. o Strength Squared - 0.25 A Fower
e B e . . Density - 10 W/ onm? ; Enerpy Den51ty -

12 wiw C.o1-330 CTECHIS.QWAETA 3By PuLiLe-H 47 hny ; r] I} - -
R i : L 1 mWh/cm’; this guide applies whether

the radiation is UW or intermittent.®
There is no evidence in the scientific or medical literature of the

Western world, that the present U.5. standards represent a hazardous exposure
level. The ANSI standard” has been accepted by DSHA and with very lictle modi-
fication throughout the Western world. !icrowave eXposure standards for most
of the Eastern European nations are based, with minor wvariations, on limits
established by the USSR (table III). These limits, promulgated in 1959 by the
USSR Ministry of Health are: a) 0.01 oW/ em’ for an entire workday: b} 0.1 mW/cm®
for 2 h; ¢) 1.0 =W/cm’ up to 20 min. These standards are based onh vague "asthe—
nia' syndromes reported by individuals who work with microwave/rf energies.
These effects have not hbeen demonstrated by Western investigators.

The apparent discrepancy in maximum allowable exposures between lLastern
Eurcpean and Western countries may bhe due to differences in industrial hygiene
philosophy. Magnuson gEAglés have noted that in the US85R, MPE is hased on
presence or ahsence of hiolopgical effects without regard to the feasibility of
reaching such levels in practlce. The YPE represents a desirable level Ffor

which to strive rather tham an ansolute value to he tsed in practice.

Conclusion

It is important to maintain a proper perspective, and assess realistically
the Lbiomedical effects of KIR so that the worker or general public will not be
unduly exposed nor will research, development and beneficial utilization of
these energies be hampered or restricted. There is a need for sclentific com-
petence and intepgrity. Althoupgh there is considerable agreement among sclentists
concerning the biologic effects and potential hazards of NIR, there are areas
of disagreeaent, especially in relation to rf and microwaves. 1t is essential
that research into the biologlc effects of WIR be fostered and advanced to
counteract the often voiced "what we don't know can hurt us" attitude with con-
sequent overly restrictive and unrealistic standards. Free international
exchange and closer personal contact between scientists would be invaluable in
resolving discrepancics and divergence of cpinion that exist in the understand-
ing of some of the biclogic and clinical implications of exposure to NIR and
approaches to the setting of standards or protection puides.

Acknowledgement - The assistance of Ilfrs. llargaret Anderson Bush in organizing
the material and typing this manuseript is acknowledged with appreciation.

62



Relferences

[1] Threshold lLimit Values for Chemical Substances and Physical Agents. Am, Conf.
Govern. Industr. Hyg., Cincinnati, 1872, 94p. [2] Coun. Phys. lMed, Amer. led.
Assoc., J.AGMVAL 137, 1600, 1948, [3] S.t:. Michaelson. Froe. IEEE 60, 389, 1972.
[4] U. S. Amer. Stand. Instilt. USASI €895.1, ¥Wew York, 1966. [5] Amer. Nat.
Stand. Instit. Standard for the Safe Use of Lasers. ANST Z/136.1, Yew York,
1972, 6lp. [6] I. HMatelsky., In: Industr., Hyg. Highlights. wel, 1, [L.V. Cralley,
G.. Clayton (eds.), Pittsburgh, 1968, p. 140. [7] S.i. Michaelson. Amer. Indust.
Hyp. Ass. J. 33, 156, 1972, [8] H.P. Schwan., I1EEE Trans. Bio. Med. LEng. BME-19,
304, 1972. (9] F.H. Krusen et al (eds.). Handbook of Physical Kedicine and Re-
habilitation., W.B. Saunders, Philadelplia, 1971, 725p. [10} P.E. #cGufE. Sur-
gleal Applications of Laser. Charles €. Thomas, Springfield, 1966, 200p. [1ll}]
.M. Michaelson, In: Health Physices Society 7th Midyear Topical Syop. = Health
Physics and the ilealing Arts., San Juan, Puerto Rico, Dec. 1972, p. 44, [12]
Laser Health Hazards Control. USAF, AFM-161-B Wash., D.C., 1871, 45p, [13]

1. Yatelsky. The Xen-lonizing Ultraviolet Radiacions. Amer. Industr. lyg. Ass.
Refresher Course, 1973. [14] ¥X. Buettner, H.W. Rose. Sight Saving Rev. 23, 194,
1953, [15] W.J. Geeraets., Industr. led. 39, 441, 1970. [l6] E. Fischer, S.
Sclomon. In: S.H., Licht {(ed.). Taerapeutic Heat. ¥. Licht, ¥ew Haven, 19538,p.l1ll6.
[17] U.F. Ceok. J. Physiel. 118,1, 1952. [18] J.H. Jacobson et al. AMRL-TDR-62-
96, 6570th Acrospace Med. Res. Lab., Wright-Patterson AFL, Ohleo, 1962. [19] W.
Robinson. Brit ¥,J. 2,381, 19C7. 20] K.L. Dunn, Arch. Ind. Hyg. Occup. Med.
1,166, 1950. [21] b.G. Cogan et al. Arch. Ophthalmel. 47,55, 1%52. [22] C.M.
ldbrooke, C. Edwards. Arch. Occup. Hyg. 10,293, 1967. [23] ».L. Lloyd-Smith,

K. Mendelssohn. Brit. ».J. #4559,975, 1948. [24] il.M. Whyte. Clin. Seci. 10,333,
1951, [23] L. Goldman. Biomedical Aspects of the Laser. Springer, New York,
1967. [2€] W.F. Van Pelt et al. Laser Fundamentals and Lxperiments. U.S.D.IIEW,
PMY, BRH, Publ. No. BRH/SWRUL 70-1,197C. [27] T.L. Curtin, D.G. Bayden. Amer.

J. Ophthal. 65,188, 1968. [28] A. Anne et al. In: IM.F. Peyton {(ed.}. Blological
Effects of Microwave Radiation . Plenum;_Néﬁ York, 1961, p.153. {29] C.C.
Jahngon, A.W. Guy. Proc. [LEE 60,692, 1872. [30] H.P. Schwan, K. Li. Proc. IRE
41,1735, 1953, [31] s.4. Michaelson. IEEE Trans. idcrowave Theory and Techniques
MTT-19,131, 1971, [32) S.. Michaelson. Thermal effects of single and repeated
exposures to microwaves — a Teview. International Symposium on Blologic Eifects
and Fealth Hazards eof Microwave Radiation, Warsaw, 1973. [33] E. Hendler. In:
J.D. Hardy (ed.). Thermal Problems in Aerospace Medicine. Unwin, Ltd., Surrey,
1968, p. 149, [34] E. Hendler et al . In: J.D. Hardy (ed.}. Temperature Measure-
ment and Control in Science and Industry. Pt. 3. Biolegy and Medicine., Rheinhold,
New York, 1963,p.221. [35] R.L., Carpenter et al, Proc, 3rd Int. Conf. lMed. Elect,
{(London) 3,401,1960., [36) U.A. Blair. Ann. K.Y. Acad. Sci. 114,15C, 1964. [37]
D.K. Williams et al., Arch. Ophthal. 54,863, 1955. [38] L. Birembaum et al. IHLE
Trans. Bio. Med. Eng. BME-16,7, 1969. [39] D.G. Cogan et al. Arch. Ind. Health
18,299, 1958. [40] M. Zaretr, 39th Ann. Sei. Heetlng Aerospace MMed. Ass., Miami,
1968. [41] 1. Zaret, 40th Ann. Sci. Meetinpg Aerospace Yed. Ass., San Francisco,
1969. {42] F.G. Hirsch, J.T. Parker. Arch. Indust. Hyg. 6,512, 1052. [43] G.H.
Rurz, R.B. Einaugler. Am. J. Ophthal. 66,806, 1968. [44] I.S. Snimkovich, V.C.
Shilyvavev., Vestn. 0ftal. 72,12, 1959, [45] Z.V. Gordon. Biolopical Effect of
Microwaves in Occupational Hygiene. Izdatel'stvo "Meditsina" Leningrad Otdelenie,
1966, 164p. [46] Yu.T. Novitsky et al. Radic Frequencies and Microwaves. Magnetic
and Electrical Fields. NASA Tech. Trans. TT F-14,021, 1971. [47] L.R. Pinnec et
al, The Neural Effects of Microwave Radiation, RADC-TDR-62-231, AD 722684,
Arlington, 1962, [48] R.D. McAfee. IEEE Trans. Microwave Theory and Technigues
MTT-19,251, 1971. [49] R.D. MeAfee. Am. J. Physiol. 203,374, 1962. [50] I.R.
Petrov {ed.}. Tnfiluence of Microwave Radiation on the Organism of Man and Ani-
mals, Meditsine, Leningrad, 1970. [51] A.S. Presman, Eleckromagnetic Fields and
Life. Izd-vo Kauka, Moscow, 1968. [52] Yu.A. Osipov. Occupational Hygiene and

the Effect of Radio-Frequency Electromagnetic Fields on Workers. Izd. Meditsina,
Leningrad, 1965. [53] J. Pazderova. Prac. Lek. 20,447, 1968. [54] C.H. Dedge. In:
Symp. Proc. (PB 193-898). USDHEW, PHS, BRH, Rockville, 1970. [55] H.J. Magnusan
et al. Amer. Indust. Hyg. &ss. J. 25,185, 1964.

63



A PROGHAMME ON WON-IONIZING RADIATION PROTECTION OF THE

WORLD HEAL/TH ORGANTZATION REGIONAJ. OFFICL 1'OR FURCPE

Dr Michael J. 3ucss
WHO Repgional Office for EHurope
Copenhagen, Denmark

Abstract

Increoased and wider attentjon is beinpg paid al present to a relatively
new physical hazard, namely, non-ionizing radiation (NIR), arising from differ-
cnt deviens., To promote the siudy of the health effcects from NIR the WHO
Regional QOffice for Furope has developod, within its long-term programme on
environmeatal pollution controt, a secctor programme on NIR with activities ex-—
tending to the yvear 1979, The mode of action for the control of NIKR and the
programme's prioriities arc based on the reccommendations of a Working Group con-—
vened hy this Office in November 1971.

NKon-ionizing Radiatlion

During recent years lthere has heen an increased deveclopment and use of
enquipment which can produce a number of types of radiation which may be hazar-
dous boatn to the user and to the general public il nccessary precautions are
notl taken, especially when large quantities of cnorgy are bheing transmitted.
None of these radiations can, after ahsorption, transmiti enough ocnergy to prod-
uce ion pairs, as 1s the case with the ionizing radiations. Frece radical form-
ation has heen obscrved after exposure to ultrasound, and photochemical cffects
may b observed afler exposure to uliraviolet radiation, hut in most casces Lhe
cnergy absorpiion tends to be manifest in the form of heat. The differecnces in
modes of production and in arcas of usc are, however, so great that it is neces-
sary to discuss cach type of radiation separately., The differences in energy
cven within a single type of radiation are of particular importance for the
cevaluation of the hazards from exposure to NIR. The abilily to penetrate into
the human body and the places of absorplion of the radiation will depoend on
this characlteristic and will differ from one type of radiation Lo another.

The NIR devices are finding an ever increasing use in indusiry, engincer-
ing, telcecommunication, medicine, rescarch, education, and by tho general
public, This gives rise to a nunber of questions:

- How scrious are the problems linked with WIR, what are theilr dimegnsions
and what acute andfor chronic cffocts on the human body are involved?

How adequate is our present knowledge about occupalional risks and public
healtithh hazards from these radiation types?

How can the radiation exposure be roducod?
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- How can pettor regulations be drafted and enforeed to reduce the exposure
to N1R?
Moreover, while the implications to cccupational personncl and the genceral pub-
lic from the use of these devices may be mainly limited to deovelopod countries,
it is important to start as soon as possible, preferably on an internatlional
hasis:
- to enlleet and evaluate informative data in g systematic manner,
- to support further investigations into the healih hazards involved,
= tn discuss possible bioleogic criteria for damago,
- to develop muides and criteria for healih protection, and
- in assist in the establishment of rules and regulations and the pronor
means of enforcing them,

Ultraviolet Radiation. This has been usced extensively for sterilization of
egquipment and air, and in different tyvpes of medical apparaius. The usc
appears at proesent to be somewhat declining, bui a certain risk to the occupa-
tivnal worker in rooms supplied with open uliraviolet sources is still prosent.
The damage will be localized to the eyve and to the skin, but with a cortain
long-tera risk for uliraviolet carcinogenesis., 1t is evident that Lhe largesi
exposed group is that of persons working in open air and attention should ve
drawn to proiective cosmetics., This stands true also for entertainers as an
occupalional group. X0 guantitative knowledpe of dose-elfect relalionship and
of latency periods 1s available as far as human cancer is concerned, The ultra-
violet lamps for private use arec widely disscminated among the public and
should be supplied with appropriate warnings,

Infrarcd Radisticon, Fxposure to this lipght can occur in almost any indus-

try from direct infrared socurces as well as from other heat sources, and the

risks under certain working conditions arc well known., 8till unsolved is Llne
nuestion as to whether infrared radiation can produce cataract. In any case,
the presence of woll developed temperature sensors in Lhe skin around the ove
represents a pgood biological warning system,

Microwave Radiation, The rccent great cxpansion in use of microwave ovens
prcscnts a2 new scrious health hazard., The damage will affect Lhe eyvs {(cataract
formation) and the skin and other locations by hecating., Tn certain instances
genetic cifcets may perhaps result.  The risk from Dig radar installaticns
cmitting much ecnergy should also be considered. Microwaves are recopnived as

the type of NIR which represcnts the largest risk. At prosenl there exists no
possibility for adequate measurements of absorbed dose and the special measur-
inpg problems of near and far fields cannot be neglected, Tn pgencral, the ther-
mal tvpe of effecis has been considercd the most important one. Howover,
additional effects, such as ihose on the nervous systenm, have been reported
and require furthcr attention.

Lasers, The risks [rom iasers must receive much aitention with thelr ine-
reasing use, The emitted light can give risc to demage to the eyve and the skin,
and under certain conditions perhaps also to more deep lying orpgans. A special
risk appecars to be connected with lasers emiiting non-visible light wheve unnot-
iced temperature gradients may be produced. The difficulties of evalualing the
risks from lasers are parlly due to the lack ol agrecment in the translating of
animal cxporiments 1o the human eve. [n ihe case ol pulsed cxposure the difier-
cnces nf effectiveness of heat lransfer from different localitics will decide
the bhiologic effects in connexion with the duration of the pulses, but existing
experimenis are nol Loo convincing. Also the guestion of a risk of shock waves
from a pulsed laser is not sufficiently well studied to be fully understood.
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Ultrasonic Hadiation, This type of radiation is a relatively new encrgy

source and its versatility has led to its widespread cmployment in various ind-
ustrial, medicel gnd scientitfic products for measurement and control applica-
tions and 1o modify the matlerial by ilhe dissipatlion of energy. While the
possible damage to the human eye has already been observed, the rapidly expan-
ding use of ultrasonic power calls for further study of levels and oiher
binlogic effects of stray radiation, Ultrasound can Le produccd in a large
spectrurm, It is partly made safe 9y its inability to pass an eir-water inter-
phase. lHowever, whether potential aedverse effects exist from immersion of
hands in ul:irasonic [ields during cleaning are not known. It is not delinitely
solved whether chromosoue sberrations can be produced but the evidence iends to
oe nepgative, So far no major adverse effects have been recognized from diag-
nostic exposure of children in utero.

The Long-term Programme

It was the favourable acceplance of the Office’'s long-term programme on
envircnmental pollulion controi and its approval by the Regional Commitiee of
the Luropean Region at its l8ih session in Budapest in 1069 that eventually led
to the development of a programme on NIR protection. The tirsi activity on ihe
subjecl was the convention of a Working Group in The Hague in November 1971,
held to discuss the healih effects of ionizing and non-ionizing radiaiion. The
rembers ol ithat Working Group reviewed and assessed the situation prevailing in
Europe, studied trends and developments, discussed needed agclivities of special
importance, and recommended actions and projects ‘o ve undertaken. ‘the Working
Group's deliberations were summarized in a report published by the Regional
Office which also included detailed conclusions znd recommendations,l

Thne first half of the Working Group's recommendations deal with XNIR in
general and touch on needed health studies, the establishment of reference
centres, the preparation of model codes of practice, education and licensing,
while the second hal{ concentrates on the specific tyvpes of radiation, Noting
the lack ol repular acltion on NIR protection by any internztionzl agency or
commititee, the Working Group urged the WHO to initiate the setting-up of an
organ with terms of references in the field of MIR similar to those of the ICRP
and ICRO in the area of ionizing radiations {recommendaticn B)}. Recommendation
5 is also of much interest, as it calls for the establishment af an interna-
tional reference centire whicn should, among other activities, co-ordinate
badly-needed studies on an international level. Many of the Working Group's
recommendations have been transformed inte a working plan as shown in figure 1,
This working plan identifies the various activitlies which are expected to be
carried out by the WHO Regional Office for Furope, Necause of their inter-
regional nature (i.e. corncerning were than one WHO regional office) some rec-
ommendations of the Working Group cannot be implemented at the regionzl office
ltevel but may he carried out only through WHO headquarters. For example, this
woulid be ithe case for the establishment of an internationszl reference centre.

The MIH sector within the long-term preogramme can be divided into six
activity components, namely, review, survey, study, manual, education end eval-
uation, The activities which have already taken place, or those in progress,
are described in more detail in the coming sections, Wilh respect to field and
laboratory studies planned for 1974 to 14978, their objectives will be more clo-
sely identified following the recommendations from the various NIR scientific
meetings already planned to discuss specific sources. In 1879, when the pre-
sent series of planned activities will havc been exhaused, a meeting wili take
place to evaluate the work alveady done and make recommendations on further
needed acliion within the NIH sector of the long-term programme to the
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implementation of which the WHO Regional Office for Furope can contribute(lig2).

Range Limits of NIR. Al the cnanclusion of the first Working Group's meet-
ing, the inconsistency of the range limits of the various types of NIR as def-
ined by different investigators could not be overlooked. It is, of course,
recognized that any such limits were approximations, as no exact end-point can
be defined, However, to advance future fruitful discussions and collaborations
al an international level, the various NIH ranges have now been fixed and are
being adhered to by WHO for its own activiiies on NIR {table 1). Thus, for
example, ihe microwave radiation range with the given limit of 300 GHz to
JO0 MHz has been adopted for use by the forithconing Iniernetional Symposium on
Biologic Uffects and lfealth lazards [rom Microwave Radiation to be held near
Warsaw, 13 - 1B November, 1473,

Survey of Institulions. The worldwide identification of the existing insi-
ituticons and the affiliated scientists active, at leasl to some extent, in the
study of ihe uviologic eifects and health hazards from NIR and in i1he develop-
ment of appropriate dosimetry and protection measures is a must if progress is
to be expected in the establishment of internationally agreed unils and proce-
dures {for dose measurement and analysis of results, Moreover, such agreements
are necessary for the comparison of, for example, epidemiological studies of
long~term effects from exposure Lo all types of NIR, and in general, for the
meaningfil collaboraiion vetween Lhe various institutions on exchange of infor-
mation, correlation of findings, Joint research projects and the development of
internationally accepied safety puidelines and protection standards,

fowards this goal, the Huropean Regiovnal Office has embarked on a survey
of institutions and specialists in the field of NIR which, when completed, will
provide the information for a Directory of Institutions, 3Meanwhile, a prelim-
inary survey has revealed that only in a relatively small number of countries
are there institulions dealing with NIR, In addition to Lhe two countries long
involved, namely, ihe USA and the US5R, only less than twenly or so other coun-
tries in the world may have institutions which are concerned with the study of
NIR. Of these, about half are Furopean countries, Over twenty institutions
have already identified themselves in the USA. They include the National Inst-
itute of Lnvironmental Health Sciences and the Burezu of Radiological Health,
both of the Department of Health, Zducation and Welfare, the Environmental Pro-
tection Agency, research centres of the three branches of the armed forces,
various universities and a few industrial corporations,

Survey of Legislation, A second survey is now under preparation by the
WO Regional Office for Furope and 1s expected to bring forward, in a conceon-
trated orderly form, the detailed legislation and ihe adminisirative regula-

tions which pgovern the manufacturing, licensing, use and mainienance of NIR
devices in the various countriecs related to cmployees, palients and the
general public, at naiional, regional and local levels,

Study of Health Lffects. As par:z of its discussions, the Working Group diq,
of course, review the possible health effects from specific XNIR sources, How-
ever, a more elaboraie study on this subject was considered neccessary, Conse-
guently, a report was drafted for the WHO Regional Oflice for lLurape on the
potential hazard to human healih irom the exposure Lo microwaves, lasers, and
radiofreguency-type radiation., In this report attention has lLeen given egually
to work published in the USA, Western Furope, the USSR and Fastern Furope,This
report is now under review by a number ol well-known experts and will be discus-
sed, together with the review commentis received by future working groups, and
eventually serve as an input for the Manual on NIl Protection.
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Health Rffects from Microwave Radiation, WHO, together with the U3 Depart-
ment of liealth, Education and Welfare, and the Polish Scientific Council to the
Minister of Health and Social Welfare, are sponscoring the forthecoming Inter-
national Symposium on Biologic Lffects and lealth Hazards from Microwave Radi-
ation, This symposium which will meet in Warsaw, 15-18 November, 1073, will
serve as the first international forum for the personal exchange ol re-
search information and professional experience, The symposium sessions will

include papers on thermal and biologic elfecis, influence on the nervous sys-
tem and behavicur, effects on the cellular and molecular level, measurements of
the radiation and the biologic efiects, occupational exposure and pubilic nealth
aspects.

Tne material submitted to this svmposium and the conclusions to be drawn
Ifrow its discussiovns will be the subject of a special evaluation meeting which
should provide the feced-back into ihe NIR sector of the prosramme of the Furo-
pean Reglonat Office. AMoreover, it is anticipated that during this evaluation
meeting the rescarch gap and the need for complementary information on the
atudy of microwave radiation will be identilied, and possibly taken up through
an expansion of the presenily foreseen activities.

Health Effects from Laser Radiation, To study the health etfects from
lasers, a Working Group will be convened by the WO Hegional Office for Furope
in May 1974, 7This meeting will discuss and make recommendations on hazards to
the eye and skin, risks fron the use of lasers for engineering, industry, medi-
cine, research and educalion, dose mcasurement and analysis of results, devel-
opment of iniernational standards, needs for additional investigations, and
legislation and administrative regulations, This Working Group will also fin-
alize the draft chapter on lasers for the Manuwal on NIR Protection.

Manual on NIR Protection, All the printed material resulting from the work
on NIR will be incorporated into one manual, which should then serve as a com-
prehensive reference volume, To ensure that the manual has the maximum impact
at all levels of governmental administration, it will be divided into two parts.
The first part, addresscd to senior administrators {(i.e. decision-makers and
appropriators of funds} is a short part centzining well-integrated summaries of
the following chapters and emphasizing the points which should be taken into
consideration when promoting a NI protection programme, namely, principles,
available methodology, approaches and possible alternatives. The second part,
comprising of the detailed chapters themselves, will provide the background and
detailed information on the respective subjects, references, present practice,
etc, Although this manual is Leing prepared by the Regional OQflice for use in
lurope, it could, of course, also be adapted for use Ly countries oulside the
muropean Region, In its final form the second part of the manual may contain
the following chapters:

- Direciory of institulions,

- Potential hazards to human health from exposure to ultravioclet radiation,
lasers, microwaves, radiofrequency radiation and ultrasound,

- Herlth criteria and guides,

- Occupational risks and public health hazards,

- Model code of practice for the safe handling of X¥IR scurces,

- Existing laws and regulations,

- Licensing of NIR sources and law enforcemenl measures.
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international Health Criteria and Protection Standards

At the conclusion of the United Nations conference on the Human IEnviron-
ment in Stocknolm, 1972, the WHO was entrusted with the enormous task of dev-
elnping intecrnational health criteria and standards. 1In a meetipg in Geneva,
the scope of such a programme and its priorities were discussed.” To enable
the preparation of the criteria documentis, among others on NIR, it was consid-
ered essential to first prepare critical reviews of the existing knowledge on
heanlth effects from microwaves (as pari of the category of first priority) and
from ultraviolel radiation, lasersand utrasonic radiation (as part of the
category of second priority}.

In view of the potential hazards connected with the use of emitters of
NIR, especially whenever large amounts of energy are transmitted, it is felt
that international rules for the use of these radiations are urgently needed.
The rules should cover the construction, handling, licensing and maintenance of
the equipment used for the production of the radiations. At present laws cov-
ering the protection of both workers and the general publie against the differ-
ent types of NIR exist only in the U5A and USSR and are expected to be promul-
geted shortly in a few cther countries. It 1s, however, eovident that in most
countries definite regulations concerning the manufacture of apparatus emitting
NIR are deficient. It should be stated that before workable international
rules for maximum exposure and regulations for manufacture can be set up, a
number of conditions have to be fulfilled. 3iost important of these conditions
is the adequate agreement on the level of exposure that represents the lowest
hazardous dose to man, On the basis of this knowledge, it should be possible
to formulate standards with a sufficiently large margin of gafety which would
then be the protection guidelines.

It is evident that the mosi general expression for the result cof enerpy
deposition after radiation is that ©of a thermal nature, It 1s however, very
difficult to give in all cases a satisfactory description of the distributien
of energy inside the body due to differences 1in absorption in different tisswes
the occurrence of interference or resonance in a single organ or at interfaces
hetween tissues, and for other reasons. A principal reason for the lack of
information is the lack of proper instruments for measurement at the Dbiologi-
cally appropriate place. This problem is of great importance in all tvpes of
NIR, buil is probably felt strongest in the study of microwave abscrption.
Therefore, in order to obtain the maximum amount of reliable information, it
will be necessary to plan the necessary studies as multidisciplinary collabora—
tive studies in which representatives from the following disciplines could par-
ticipate: physicists and engineers well grounded in the theory of the types of
radiation under study and in electronics: biologists experienced in disciplines
such as physiology, biochemistry, pathology, genetics and biostatistics; and in
some cases, knowledge of ophthalmology, hehavicural science and human and vet-
erinary medicine, and if possible, a biophysicist would be useful.

Ileferences

1. World Healtih Organization Regional Office for Europe, llealth Zffects of
Ionizing and Non-ionizing Radiation, Copenhagen 1972. (Report on a Working
Group, The Hague, 15 - 17 November 1971, WHO document EURO 4701)

2, World Health Orgenization, The WHO Environmental Health Criteria Programme
GGeneva, 1973. (Report on a WIO meeting, Geneva, 20 - 24 November 1072,
WHO document LP/73,1)
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Table 17 CHARACTERISTICS AND SQURCES OF ELECTROMAGNETIC TYDPE RADJATIONS
Type of radiations Frequency range* Wave-length rarxgr(:g'\< Knergy range per photon Iypical source
izl . e : 25 -l
lonizing above 30 000 THz | below 10 nm above 124 ev |Flectronic tubes, nuclear
decay, nuclear fission
Uitraviolet 3 000 TH= to 700 TH» 10 nrr toe 330 nm 124 c¥ to i3 eV Sun, gas discharge tubes
vacuntn 3000 THz toe 1 GO0 THze 100 nm to 190 nm e, 4 eV to .5 oV
far 1 600 THz to P 000 THz F190 nrm to 300 nm 6,5 eV to A1 oy
near 1 000 THz to T340 THw 1300 nmim to 380 nm 4,1 eV o to 3.3 eV
nen-ionizibgl | goo THe to 750 TH-~ {170 nm to 400 nm .3 eV o to 3.1 eV
poriion
¥isihle TG0 THz to 400 THe ]380 nm to 750 nm 3.1 eV to b.6H eV Sun, thermally excited atoms
Infrared 400 THz to 300 Gliz 7530 nm to I ran 1,6 eV to b, 2 meV Sun, hot hodies
near 400 THz to 100 TH= }750 nm to 3 pm 1.6 e¥ to 0.4 ¢V
middle 100 TH=z to 10 TH= 3 um o 30 um 0.4 e¥ ta 41 meV
far 10 THz to 300 Gliz 30 um to Lrmm 41 meV to 1.2 me¥
Laser 1 5300 THz to 15 THz (200 nm to 20 um 6,2 eV to 62 meV
Microwaves 300 GH=z to 300 MHz I shm to I m 1,2 meV¥ to I.2 pe¥y Klystron, Magnetron
EHF™? 300 GHz to 30 GHz. l'mm te 10mm 1.2 meV to 0.1 meV
SHF * 30 GHe to 3GHz | 10mm to 100 mm 0.1 meV to 12  geV
UHE™™ 3 GHz to 300MHz {100mmto | m 12 eV to 1.2 peV
Radar 56 GHz to 220MHz [5,9mm to .3 m 0. 2 meV to 0,9 ue¥
Radic-frequencies 300 MHz to 300 Kkliz I m ta | ke 1.2 peV to L2 nev Tubes, transistors and
tuned circuits

3E

The given ranges are only approximations, as no exact end-paint can he defined,

A

Extremely hign frequencies, Super-high frequencies, Ultra-high frequencies




ANYNIEX 1

Conclusions and Recommendations of a WHO Working Group on NIR*

Healih Studies

(I} The knowledge of the noxious eflfecis of NIK is scallered and incomplete,.
The Working Group felt that our knowledge concerning low level effects and
the possibility of cumulative elfecils is very defective.

IT IS RECOMMIENDED THAT the World Healih Organigation should organize the
collectioun uf case-histories of acecidental cxposure to all types of NIR in

order (o make it possible to give a betler description of the clinical disor-
ders to be expected aflter such exposure.

(2) With the growing use ol NIR, Lhe populations &t risk will be increasing in
5ize, Due to the continuous introduction of new procedures in which NIR is
iuged, the populations at risk will also be changing both in size and dislribu-
tion, which means that new pgroups may present previously unrecopnized health
problems.

TT 1S WECOMMENDED THAT the World lealth Organization should initieie
appropriate surveys into the size and distiribution of populations at risk,

among both workers directly concerned and the general public.

(3) In view ol the lack of guantitative information on possible late effects
of NIR in man, further information is urgently needed.

IT IS5 RECOMMENDED THAT the World Health Organization should encourage and
co-ordinate hoth prospeclive and retrospective lonp-term epidcmiological

studies on proups of workers exposed 1o NTR.

(1Y When considering the available equipment, which generates NIR, the degrece
of its use and ihe poteniiml hazard involved, rescarch priorities for the
study of health hazards [rom NIR musi be pgiven Lo lesers and microwaves,

1T I5 RECOMMENDED THAT the Worid Health Organirzation should encourage
such most urgently neceded research.

Hleference Centres

(3) In order to co-ordinatie such studies and Lo correlate the findings and in
general to act as obscrvers in ihe field of NIR, centres of outstanding quality
should be seleccled a5 international and national reference centros, both for
the total field of NIR and wherever possible for ihe single types of radiation
also.

I'" 15 RECOMMINDED THAL the World llealth Organization should esteblish
appropriate internaiional reference centres Lo underiakeo these tasks, and
encourage the setlippg up of similar centres at national level,

*  Taken from the reoport on a Workinpg Group convened by the
Regional Office for Yurope of the World Health Organization,
The Hague, 15 - I7 NKovember T972 I
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Dose measurcuents and uniis

(6) Tor such studies, il is necessary to collect groups of exposed persons,
for whom suftficient physical information on the exposure dosc is available, in
order to act as a hasis for future epidemiolopgica!l and other studies.

17 IS RECOMMENDE!D THAT the World Health Orpanization should encourage the
development and use of measuring equipment for the repgisiration of exposure Lo

doses from NIR in exposed persons.

{7) 1t is felt Lhal there is a need to extend the collaboration hetween cen-
tres actlive in health protection against NIR into the lield of unils and meas-—
urcmenis also,

17T 15 RECOMMENDED THAT fthe World Health Ormanization should initiate col-
laboration bhetween such centres in order 1o harmonize Lhe units used in dose

measurcments.

(B) It was evident from the discussions of the Working Group that the work
of the International Commission on Hadiological Protection and the lnterpal-
ional Commission on Hadiation Units and Measurementis, in introducing the con-
cepls of normal man and ol lhe maximum permissible dose and in classifying
dose delinition and dose measurements, has lLeen fundamental in the control and
protection of workers against ionizing radiation. In order 'to develop ilhe
understanding of the hazards of NIR, an organ with similar terms ol references
in the lield of NTHR is urgently neaded.

1T T8 RECOMMENDED THAT ihe World Health Orpanization should initiate the
selting up of such an organ, cither within its own arganization or through

international collaboration,

Salcty puidelines and proteclive standards

(9 The use of WIR is rapidly expanding. ‘Tne Working Group surveyed presend
safety codes and pguidelines and found the guidelines in general sufficient 1o
prevent injury undcr present conditions. It is doubtful, however, whether

they will be adequate in the Future, in view of the expected growth in the use
of all types of NIt due not only to increased production of the types of equip-
meni already in use but also to the consilant introduction of new techniques
uslng NIH.

17 15 RECOMMIENDED THAT the World Health Organization should survey the
field of heallh profection from NIR wiih the long-term goal ol producing model
codes of practice ftor this field, both for workers directly concerned and for
ihe penaeral public,

Fducation and licensing

{10 The number of apparatuses able to produce NIR is increasing rapidliy in
both industry and medicine., The number and types of such apparatus offered to
the general public 15 also increasing. This increase in use reguires lechni-
cal personnel for consiructliion, operatlion, maintenance and control, I'or all
these gproups, adequate training will be needed in the use of the eguipment and
in protecltion against the radiation emitied.
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It I8 RECOMMENDED THAY the World ilealtin Organization should conduct a sur-
vevy of exisiing training programmes and courses on the use of XIR in order to
ngure adeqguate international standards of education,

{11} lo ensure lhe proper handiing of cquipmnent emitting NIR, a ticensing sys-
tem may be appropriate for manufacturers, engineers, physiclans and lecnnical
personnel.

17 15 RECOMMENDED THAT the World Health Organization should investipate
wnelbar adequate licensing procedures for operation mnd maintenance are avall-
able and encourage the international formulation ot the requirements Ffor such
licensing,

{I2} "he population at risk is that pert of the general population which may he
exposed either by the use of equipment emitting NIR or by accidental contilact
with the radiation emitted and is increasing with the growing use of such
equipment. In order to minimize the risk involved, it will be necessary to
educate tne general public in ihe use of such equipment and inform them of ihe
dangers which may be involved.

IT IS RECOMMENDED THAT the World Heallh Organization should encourage ihe
dissemination of such information on the safe use and the hazards of ¥NIR 1o the
general public.

Ultraviolet radiation

{13} For the seiting of proper standards for protectlon, an unambiguous dose-
effect relationship for the produciion of skin cancer is urgently needed,

IT IS RECOMMENDED THAT the World Health Organization should encourage
quantitative work on UV skin carcinrogenesis.

{14} The evidence suggesting ihe possibilizy of cataracl formation from UV rad-
iation i1s nol too convincing.

1T I8 RECOMMENDED THAT the W%orld Health Orpganization should encourmage
studies into possible cataract formation from UV radiation,

Infrared radiation

{(15) Tne knowledge concerning possible long-term effects of IR radiation is
inadequate,

IT I8 RECOMMENDED THAT the World Health Organization should encourage
studies ini{o possible cataract formation and carcinogenesis from IH radiation.

(16} The significance of the effect of ambient climate on the possilile damage
from IR radiation is not wyet very well understood,.

1T IS5 AECOMMENDED THAT the World ilealth Organization should encourage
studies into the relation between damage from IR radiation and ‘he temperature,
moisture and other environmental factors.
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Microwaves

(17) Aprecment musi be reached on how to establish common criteria for asses-
sing the action of wmicrowaves on man, Only this would make the accuraiec com-
parison of results of scientific research {rom dilfereni laboralories possiule,
and thus allow guidelines for the protection of heallh to be esiablished.

TT 18 HECOMMENDED THAT the World Health Organization should take steps to
develop the relevanl rccommendations for eriieria of microwave cffects on man.

(18) The need for better personal dosinetry tor the measurement ol absorbed
doses bolh Ly an inlegrating dosimetor and by a small implantabtile dosimeler for
in vivo measurementls in animals is felt very strongly in ihe case of microwaves.
I'T T8 RECOMYENDED TAT the World iealth Organizaiion should stimulate re-
searciy on the development ol accuraic dosimelers for both near-field and far-

tfield energy determication, including the developuent of implantable dosineters,
Lasers
{19) Tnsufficient Knowledpe is availalle for a compleie description of Lhe
clifee: of laser radiation on the human oye.

1T 15 RECOMMENDED TAT the World Healtth Orpganization snould initiate a col-~
lakboraiive study on the effects of laser radiation on the human eyve.

(207 lasers arve at present manuifactured and sold in kits for home construction
withoutl appropriate licensing Lo purchasers, who may not understand the risks
involwved.

17 15 RECOMMENDED THAT the World Health Orpganization should take steps Lo
introduce international standards for control ol such sales.
Clirasound
{21 Althougnh Lhe Workiang Group knew of no reporis of zcecidents or well-esta-
I:lished damage arising from occupalional exposure to ultrasound, the scientifice
evidence on this subjeci was felt lo be inconclusive, Il 15 uncertain at pre-
sent wnether adequate provisions exist for reporiing cccupaiional injuries in
such a manner ihal ullrasonic exposurec could e identified as a cause,.

IT I3 RECOMMENDED THAT the World Health Organiration should encourage the
systemalic and meaningfﬁi reporting ol such injuries.
(227 Al present ihere is no knowledge of the acoustic intensity levels in human

Lissuaes resulting from occupational exposure to ultrascund, although adequate
measuring technigues for this purpose exist.

LT 18 RECOMMENDED THAT the World Health Orpanization should encourage the
cherH%ning and reporting of such exposure levels in typical occupational

siluatinns,

(23) A conflict of opinion exists in the literature cancerning lhe possibility
that exposure to ullrasound could lead Lo biological changes of a nuiational
naturo.

TT T8 RECOMMINDED THAT the World llealth Organization should encourage
the critical scientliflic review of this Lopic and, jif necessary, additional

definitive experimental studics.
Sound

(24) There arc strong indications that sound levels, which arce safc from the
vicwpoint of possible deerease of hecaring level, may produce other somalic or
Functional effects or unfavourahly iniluecnce the gualiivy of sleep.

IT 15 HECOVMENDED THAT  the World Health Organization should promoie
internatltional collaboration botween the few institutes in the world active in
this field,




PITFALLS IN THE ASSESSMENT OF MICROWAVE RADIATION AS A HAZARD

Rugsell L., Carpenter, Esther S, Ferri and Gary J, Hagan. Northeastern
Radiological Health Laboratory, 109 Holtonm St,, Winchester, Mass., 018%0

ABSTRACT

The extent to which microwave radiation can constitute a health
hazard is a question amenable to laboratory investigation, but the
investigator must constently be on guard against pitfalls peculiar to the
investigation of this problem. Among them are: the reliability of
power density measuring devices; near field and far field differences
in field patterns and in perturbations of the microwave field by the
experimental animal itself or by accessory supports or restraziners;
wole body neating as 2 factor influencing results; determination of
the relative roles of power density and duration of exposure as dose
factors; and limitations on extrapolation to man of results from
animal experiments. Attempts to define and to limit these problems
will be described and illustrated.

The question of whether microwave radiation can constitute a health
hazard is easily answered by placing en animel in a2 microwave field, With
sufficient energy absorption and duration of exposure, the animal's body
temperature will rapidly rise to a lethal level and it will expire, death
being due to hyperthermia. Although this demonstrates that microwaves can
be hazardous to the animal's health, the same result may also be obtained by
placing it in the oven of an operative gas or electric range., The question
we really wish to have answered is how much = or how little - microwave radi-
ation can cause damage to living tissue. This question is one to which we
have directed our efforts for several years, with the lens of the rabbit eye
as the target tissue, Damage becomes visible in the lens as small opacities
in its otherwise transparent tissue. In the course of our research, we have
encountered a aumber of pitfalls, some of which I shall here briefly desgcribe.

In a series of 136 experiments, 2450 MHz radiation wag directed primarily
upon tihe target by positioning the rabbit with its eye two incheg distant from
the dipole antenna of the radiation source. The head was thus in the near zone
of the microwave field. For eight different power settings, we found the
shortest duration of exposure which would cause 2 lens opacity to develop, and
expressed this information graphically as a curve showing time and power
thresholds for opacity induction. This curve was similar te one obtained in
like manner by Williams, et al., out differed with respect to values for
field power. They calculated field energy from measurements made with a dipole
antenna and a tunable bolometer detectnr. Ours were done calorimetrically, the
calorimeter being a fluid-filled plastic sphere placed in the same posi-
tion in the microweve field as was occupied by the eye during irradiation.

The sphere was filled with a saline solution having a dielectric constant
gimilar to that of the eye. Temperature changes reflecting energy absorbed
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or lost were measured by a thermistor-bridge circuit, with the thermistor
enclosed in the tip of a 24 gauge hypodermic needle ingerted in the center of
the sphere. Power density was then calculated employing the cross sectional
area of the plastic sphere.

To assess microwave radiation as a hazard to the lens, it would have
been most useful to know which of the two threshold curves represented the
true state of affairs.

With the development of ingtruments for the direct measurement of
power density in a microwave {ield, it appeared possible to re-evaluate
our previous calorimetric measurements. Using a ¥arda Model 8110 Electro-
magnetic Radiation Survey Meter3 and its Model 81224 probe having two
crossed dipoles, we found that under identical conditions of geometry
and power ocutput, megsurements were approximately 50 percent higher thau
when calculated from calorimetric measurements.

It should be noted at this time that the unit of zW/cm? as applied
to the calorimetric measurement is conventional. lowever, when using an
electromzgnetic survey meter ang probe as 2 measuring device in the near
field, a meter reading in mW/ em® should not be considered a measure of the
actual power density. The electromagnetic survey meter and probe measure,
the electric fleld,and meter readings in the near field discussed in this
paper are a measure of the electric field (E} and equal to E2/3?7 x 1000,

A few years later, it became possible to further evaluate the near field
zone by means of an Electromagnetic Hazard Meter developed for the
Bureau of Radiological Health by the Kational Dureau of Standards®. The
probe of this instrument employs three crossed dipoles and, if desired,
output of each can be read separately on the meter. This instrument
gave readings which were an average of 34 percent higher than those of
the Marda Model BL1D meter. This could be accounted for by the observa-
tion that there was a longitudingl and radial component of the field at
the two-inch distance., This view was corroborated some months later
when we acquired a ¥arda Model B8315A Broadband Electromagneric Radiation
Monitor? with its Model 8323 isotropic probe, Meagurementg made at the
two-inch distance with this instrument averaged 41 percent greater than
those made with the ¥arda Model 8110 instrument. Measurements with
electric field sensors, such as the N¥arda and NBS probes, give an indica-
tion of the electric field strength; calorimetric devices measure absorbed
energy. Therefore it would be inappropriate to compare measurements
obtained by these different means,

There is a futility of attempting to defise hazardous power levels
on the basis of past reported experiments in the near zone field, if
only because of the inability to measure the actual power density. The
far Field, on the other hand, exhibits a much more uniform and regular
radiation pattern and permits a more reliabie calculsarion of the power
dengity from mecasurements of the E field.

One difficulty when performing experiments in the far field is that
the entire hody of the experimental subject is itluminated. The rabbit
which, without ancsthesia, will tolerate having its head subjected to a
given exposure field for an hour in the near zone will strenuously seek
escape after 15 minutes or will succumb from exposure to whole body radiation
only one third of that tolerated in the near field.

Still another pitfall lies in the perrurbation of the radiation field
by the presence of the experimental subject itself. At a distance of

150 cm the field pattern of our standard gaiu horn at 2450 Milz is quirte
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uniform in power density, helng highest in the center of the ficld and
falling off in a gradual manner along the x and y axes so that 50 ¢cm
from the center, it is reduced by 75 percent. ilowever, a rabbit sitrting
auietly in the field perturbs the [ield in such an irregular manner that
the power density may be either increzscd or decreased by as much ag 50
percent in some areas. TFor example, in one instance we have found that
the presence of the rabbit appears to reduce the power density at a
location of the rabbit's cye by about 50 percent. Inasmuch as the
pattern of field perturbation depends in part oa the geometry of the
perturbing factor, it is not surprising that there is a differcnce in
perturbation of the field when the rahbit's cars are held erect or are
down tlat against the body. We heve found that the eye is subjected

to less radiation when the animal's cars are down than when they are

up. Perturbation of the field z2lso occurs frqm the presence of such
cxperimental accessories as plastic cages or animal restraints.

The relztionship of this perturnbed exposurc field to an absorbed
dose may be difficult to determine. towever, a totzl absorbed dose
would depend on a complex relationship between the exposure field {the
magnitude, dircction, and phase of the electric field at all points on
tte surface of the object), the diclectric constant or constants, geomelry
and surrounding media of the objeet of exposure.
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CONTROL AND USE OF LASERS IN N.Y.S5. INDUSTRY

F. J. Bradley ard 5. N. Hoberto
Division of Industrisl Hygiene
Ne¥.5, Department of Labor

80 Centre Street

New York, New York 10013

Introduction

General

Since the important and historic paper of Solor, Arenson & Gouldl pin-
pointed the potential for eye damage from lasers, it has been recognized that
the eye is the critical body organ for laser radiation exposure in the wvisible
ar.d rear-infrared. Experimental data by Ham, and others have confirmed the
early predictions of eye damage and that eye exposure especially to the retina
is a limiting factor in working around lasers?. Damage of the retina is
usually irreversible and since the eye is crucial for an individual's well~
beirg extreme care is indicated to ensure that such damage does not cccur. An
additional inducement for care in laser radiation exposure is the fact that
maximum permissible exposure values are based on acute damage as evidenced by
standardized objective tesis on experimental animals. Little human data and
foriunately no epidemiclogical data are available to confirm the suggested
maximum permissible exposure limits. Very little data is available as a re—
sult of long term exposures at sub-acute levels of laser radiation and nones tc
date have been incorporated except through safety factors into maxinmum per-
missible exposure limits.

Laser radiation that is not amplified by the opties of the eye causes
surface damage either to the cornea or skin. Sufficient biological dava is
availlable to set corneal maxirmum permissible exposure limits for infrared
radiation in the wave length range above 1400 nm ard skin maximm permissible
exposure limits in the visible and infrared wave length range above 400 nm.
Insufficient data is available to set corneal or skin maximum permissible
exposure limiis in the laser UV region. Most of the skin damage data is based
on short term exposures and little information is available on what might
result from long term exposures.

Te ensure that the berefits of laser radiation will be reaped with little
kuman eye or skin damage New York State has promulgated Industrial Code Rule
53, lasers, to regulate the industrial use of lasere in the State. The Code
Rule is generally a performance-type Code but some specificatior type regula-
tions for certein btypes of lasers and certain laser working conditions are in-
corporated.

The Code Rule separates lasers into three categories based on their
emigsion characteristics. These are exempt, low intensity and high intensity
lasers. There is an additional classification of the low and high intensity
categories into fixed and meobile lasers. The rest of this paper expands cn
the control measures specified in Industrial Code Rule 50 and the industrisl
use of lasers in the State,
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Conirol of Lasers

Exempt Tasers

There are two conditions which make a lascr cxempt from the provisions of
Code Rule 5C. ZZxemption #1 covers storage, shipment or sale of inoperable
lasers. Excmptior #2 covers the case of lascrs which by reason of their design
and consiruction cannot emit radiation that excceds 1 x 10-7 J/em? or
1 x 1077 W/cm2 when mecasured at 10 centimcters from the exterior surface of the
laser.

low Intensity lasers

Approvals. low intensity lasers have ar emission level which exceeds the
above valucs for exempt lesers but do not exceed 1 x 10-1 J/em® for 1 nsec to
1 msec palse, i J/er® for 1 msec to 0.1 sec pulse ard 3 W/em® for CW or
repctitively pulscd lasers. Tne velues are approximately set at the walues
where skin burns for visible znd infrared clectromagnetic radiation start to
become a factor in controcl measures. Low intensity lasers other than those in
research and development status will need Board of Standards and Appeals
approval prior tc distritution and use otut with approval the lascr installation
will not need to recgister.

Mcbile Lasers. ©Code Rule 5C places special reguirements on mobile lasers -
lasers used outside fixed installstions. Such lasers have additional potential
for causing injury to the laser worker and the general public and alsc have a
high miisance potentlal if not properly controlled. 3ecause of these factors
the Code requires that irdividuals using mobile lasers rmust be ceortified by
the Industrial Commissioner. To assist him in implementing this provision the
comnissioner nas appoirted a Iaser Examining Board whose functions are
(a) examinatior of applicants and their Experience and make recommendations
thereon, (b) holding of hearings on denials, (c¢) holding of hcarings on sus-
pension or revocation of certificate, and (d) reporting findings and recom-
mendations to the commissioner. There are two categories of certificates of
conpetence. (Class A certificate of compeience for operators of low intcnsity
robile lasors and Class B ecrtificate of competence for operalors of high and
low intensity mobile lasers.

High Intensity Leosers

Fixed laser Installstion and Mobile Laser. All such drnstallations and
mobile laser operatiorns utilizing nigh intensity lasers mmst rogister with the
commissioner and designale a laser safety officer. In addition prior notifica-
tion is required for all field worx with mobile high intensity lasers. In case
of fixed imstallaticn a laser radiation arca rust be desigrated and pested with
the standard laser hazard symbol. ©3Specizl precautiors that may be rnecessary
are {a) rerote viewing apvaratus, (bs special termiration matcrials for higa
intensity beams, (c) irterlocks or equipment ard doors to laser radiztlon areas,
ard (d) "fail safe" electronic circuiity whercver i% is warranted. 3ccause of
ivs importance ir determining the extent of the outdoor laser radiaticn area a
survey 1s required of the outputl power or energy density of high irtersity
mobile lasers.
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Each laser shall be safeguarded against unauthorized use and no perscn
shall dispose of a high intensity laser except by making it permanently in-
cperative or by transferring to ancther person authorized te receive it.

Each perscr who possesses a laser shall report (a) any theft or loss of
irtact laser, (b) any injury to individual restlting from operatior of laser
or associated equipment.

Personal Protection. It is obviocus that persons using lasers must be
adequately instructed in the safe use of the laser. One must never look
directly into a laser beam above the maxirum permissible exposure limits with-
out adequate eye protection. Code Rule 5C recommends the use of approved
safely eyewear by those individuals who may be exposed Lo laser radiation
above the maximum permissible exposure limits. Minimum standards for such
eyewear are {a) adequate optical density to reduee laser radiation to safe
levels, (b) designed and tested to insure that eyewear retains its protective
properties during use, {c¢) legibly labeled withk the optical density of the
lens and wave length at which it was measured. In zhe case of a high intensity
laser protective eyewear should not be relied on as the primary protective
barrier betweer an individual ard the laser beam. Protective eyewear should
be primarily for accidental exposures and the laser application should be
designed to ensure that the probability of eye exposure is minimal. Reldiance
on. protective eyewear is a poor substitute for adequate control measures such
as enclosures or remote viewing equipment. Furthermore in today's laser world
rrotective eyewear can be very tricky because of the large number of potential
laser wavelengths which one may encounter.

Associated Hazards. At least 2 deatins from electrical shoch .ave been
reported in the literature around lasers. The electrical haze. . 1s especially
great in research and dsvelopment work and therefore 21l laser eguipment tust
be desigred, constiructed, installed and maintalned so as Yo minimize the
possibility of electrical hazards.

With high intensity laser beams adeguate protection must be provided for
air contamination arising from vaporized target materials, taoxic gases,
vapors ard fumes. Two areas of special .oncern are vaporized fire brick which
may contain beryllium, and UV laser beams and UV pumping lamps emitting
radiztion in the wavelength range from 185~2310 rnn which will produce ozone
from oxygen in the atmasphere.

3esides adequate radiation shielding an gxplosion shield around the
resonating laser cavity is recommended where explosicns of the lasing. medium
are possible.

Every laser and laser installation st be designed, irstalled, operated
and maintained to eliminate or reduee any fire hazard.

The orly iorizing radiation hazard associated with lasers at present is
in the high voltage power supplies and only gross ignorance or carelegsness
will lead to exposure from this source in this day and age. X-ray or neutron
radiation hazard associated with the laser beam or its target interaction lie
ir the future.
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Future

Scarning lascr Beams. Iasers operating ir the scanning mode have assumed
commercial importance within the last 3 years. Code Rule 50 stipulates tnat
the laser exposure values can be determincd while the beam is in the scanning
mode. Exposures therefore arc equivelernt to a repetitively pulsed laser beam.
Wnile it appears logical that the human eyec will respornd to such expesures in
a manrer similar to a pulsed laser, no experimectal evidence is zvailable on
such laser beam cxposures to ensure that these are appropriate maximum pernis-
sible expogure limits. [Further experimertal data is needed in this area.

UV and Subnanosccond Lager Pulises. Additional biological data is also
urgently nceded in the UV reogion se that maxdimum permissible limits can be
established for cornsal and skin exposure.

Pulse width is also a factor in the biological response and datas is needed
t0 establisk maximum permissible 1imits for subnanosec laser pulses.

Use of lascrs

Constraction Industry {SIC #15, 16, 17)

The largest number of individuals potentizlly exposed to laser radiation
are in the construction industry which has appreximately 51% of the registrants.
The main application 1s & razher prosaiec one invelving the establishmert of a
reference line or plane. Basic surveying tools used by ihe construction
industry have changed little sirec ancient Egypliar times until the adwvent of
the lassr. BStakes, rods and tapes hawve served for cngineering works from
Stonehenge to the Empire State buildirg. DBub row the laser has revolutiorized
surveying. It can provide a rcferencc lire or planc at any desirablc angle.

Ir addition distance measurement carn be accomplished in seconds with a high
degree of accuracy.

In the construction industry the laser is used to {a) provide lins and
grade in layirg of pipe, mainly storm and sewer pipe, (b) providec line and
grade ir heavy construciior projects, suchk as, turneling, srection of dams and
dredging, {c} provide horizontal plane for installation of floors ard ceilings
and {(d) distarce neasurcsent.

A1l of the lasers whick we have encountered i this application are low
irtensity Hele laserg. Fror a sample of 114 lasers thc averagc reported power
dengity was 27 mi/cx? wizh & range from 3 to 160 mW/em®. Tais classification
has 12% of the lascrs and L1% of +he laser workers. (See Figure 1.)

Tnstrunent, Photographic and Zlectro-Opiical Industiries (SIC #38)

Tnis industrial classificaticn has 15% of the reglztrants but L% of the
lasers and 32% of the laser workers. Lasers are incorporated in instruments,
such as, surveying instrumerts lor usc by the corstruction Irndustry as
described apove. They are used in the holegraphic studies. High intensivy
lagers aro uzed in the marufacture of valance whcels and scribing.
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General Manufacturing including Computers {SIC #35)

There are 5% of the laser registrants in this industrial classification
with 17% of the lasers and 10% of the laser workers. High intensity lasers,
such as, COz, Nd (YAG or glass) and ruby lasers, are used for drilling,
welding, melting, burning and miecro machining. Low intensity lasers are used
for precision measurements, alignment and as a light source.

Research and Development (SIC #73)

This service category has 3% of thc registrations, 11% of the lasers and
5% of the laser workers. The main laser and application are the Helle low
intensity lasers used for alignment.

Aerospace Industry (SIC #37)

This classification has 2% of the registrations, 8% of the lasers and 5%
of the laser workers. High intensity G0, Nd {YAG or glass) and ruby lasers
are used for scribing, drilling and metal cutting mainly titanium alloy. Low
intensity HeNe lasers are used for alignment of various airplane components
onto the airframe.

Electrical Machinery and Flectronics (SIC #36)

There are 10% of the registrations, 3% of the lasers and 4% of the laser
workers in this industrial classification. High intensity Hd laser is used
for resistor trimming, COs2 laser for glass cutting and contact cleaner and ruby
laser for drilling diameond dies. Low intensity Helle lasers are used for align-
ment and smoke detection.

Miscellaneous Industries

Finally the remaining registrants fall in various industrial classifica-
tions, including Jewelry, pharmaceutical and mining. The number of registrants
is 10% of the total number of registrants, 2% of the lasers and 3% of the laser
workers. High intensity Nd lasers are used by the jewelry industry for diameond
drilling to improve their quality. High intensity ruby lasers are used in
biclogical research by pharmaceutical industry. HeNe lasers are used by mining
industry for grade and alignment and by surveyors for geodetic distance measure-
ments. A high intensity argon laser is used in research on determination of
air and water contaminants.

Recommendations

With several national standard setting bodies establishing maximam
permissible exposure limits for laser radiation, many of them different in one
way or another, the time is appropriate for an intermational body (possibly
this Association) to take the initiative in formulating Basic Laser Radiation
Exposure Guidelines. Expanding interchange of men and goods make 1t desirable
that such guidelines be established to ensure maximum protection of the working
population as well as the general public.
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Lbstract

Prolonged invegstigations of white mice and white rats showed
fractional combined X-ray longwave (30 r of single exposure) and
SHF (5 mw/cm2, 20 nin) irradiation to be responsible for more pro-
nounced effects, than thowe caused by thege factors.acting inde-
pendently. The differences detected were in body and some other
organs weight, in lisozimes liters of serum, in productibility
of animals and in chnromocoomal aberrations nwiber in bone marrow.

At combined X-ray, short-weve and SHF-:rradistion the intengi-
fication of effeet was not found.

Observationa showed that combined occupetionsl effect of X-rays of
‘different energy and SKHI irradiations caused more frequency devi-
ationg of organism functional stete than SHY field irradiation
only.

Introduction

Under conditions of occupation a man is subjected not to
single but to several environment factors. Adeguate estimation
of the possible consequences would account for every factor un-
der congideration. The peculierities of the combined effect have
to be ccnaidered also.

The necesgity of expansion of investigetions in the field of
radiation protection, in dircction of combined effects study,wes
pointed out ir the I Turopean Congress of Radlaticn Protection
(Menton, 1969) and in. the II International Congress of Radia-
tion Protection (Srignton, 1970).

Ume of the most widespread varilantse of combined procfessional
effects ig combination of roentgen and high fregquency (SHF) elec-
trouegretical irradiations?,2,

Eowever, till recently the investigetions of combined action
of X-ray and SUPF radiations were reprcsented in a few papers#,5,6
In these papers the effects of strike momentary combined action
vere =malinly conslidered.

The results of eoxperimwents with the laboraiory animals which
have been performed during 1967-72 years and the resultes of cli-
nical-phyaiology observations of persons during 1362-72 ere pre-
asented in this paper. The purpoce of this work was to study the
effects of prolonged combined end isclated X-ray and SHF irradia-
ticne.
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I.The Experimenca with Animnals

Materials snd lethods

The experiments have been corried out with white femzle mice
and white f'emale rats. iice ond rats weighed 13-20 g and 13C -
200 g respectively at the beginning of experiments.

The longwave X-radlation was provided by 60 kV i-ray generat-
or operated at 15.5 kV with O.17 mm Al and 1.2 mm perspecs fil-
ters, HVL O+1 mm Al. The eXxposure rate wam 10.5 r/min. The ani-
malgs were irradiated from the ventral side of body.

The shnortwave X-radiesticn was provided by 200 kV X-ray gene-
rator operating at 187 ¥V with O.5 mm Cu and 1.0 mm Al filters,
HVL 0.83 mm Cu. The exposure rate was 24.5 r/min.

Nongscattering chamber with SHF radiation generator "Looch-58"
{wave length 12.6 cm) wag used for continued exposure of animals
body ventrsl gide.

The investigetions with animals in all geries of eXperiments
were performed simultaneously in control groups (unaffected) and
in these gubjected to X-rays, SHPF and combined irradiations.The
interval hbetween two consequent exposures was equal to 48 hours.
The intervalg between X-ray and SHF irradiations were equal 5 -
15 min.

The following tests were used for estimation of the bioclogic-
al action of radiaticna: survival and average longevity, weighi
of bedy and of mome organs, gtability to the phygical leading,
productivity and reproduction factors, weight of the month age
posterity, the countes of chromoscme aberrations in cells of
bone marrow the counts of blood cells. Stability of animals to
prhysical loading was determined with our early elaborated method’

The complex of immunclogic reactions describing a state of
nongpecific, specific immunity, allergic end autozllergic reacti-
vity was studied. The factiors fof nonspecific immunity were bacte-
rigidity, titers c¢f lisozime and complement of gerum. Specific
immunity was gtudied after immunization of animals with sheep's
eritrocytea. Production cf gemagglutinins and of hemolisine were
studied. In animals inverse enaphylexic reaction {(by J.ffe) and
complement-fixing autoantibody formation were studied Toc.

Hesults of ExXperiments

Influence upon the fracticnal shertwave X-rays at 60 r for
a2 single expesure ccabined with fractional SHF-radiation at
40 mw/emd delivered during 15 and 18 minutes led to death of
holf quantity of the zanixals in wore early stages than it cccur-
red from X-ray irradiation only. Z-irredietion became a main
factor with SHY exposure belng redaced up to 11 winuies. In this
cane the decreuse of body weight of mouse was Z.4-2.8 g, interme-
Giate beitween that of mouse, subjeclted to each lectors taken
separately.

In the foliowing scries of experiments Z-ray single exposure
have been reduced up to 20 r arnd SHlF-radieiion power density to
& mw/cn? Tor 30 minutes. Under thnese conditions decreasing, longe-
vity and body-weight of the aniuals had few differences in grcups
of X-ray and combined exposure. Lost of enimals died after 3
Jdeonthne from experiments beginning. SHF irradiation zlone caused
death of animals not exceeding 15 per cent. After 100 days obger-
vaticn the body weighi of the animals was found rather sharply
and gtatislically reliably decreased for the animals expesed fo
Z-rays and in particular to coabined radiation. The body weighi
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of mice expoged to SHUF radiation later was close teo control le-
vele.

Study of tke peripheral blood cells composition of rats sub-
jected to SUF irradiation was performed at 50 mw/cm? and
10 onw/em2 for 20 min and ghortwave X-ray irradiation with single
exposure €60 r. Whole exposure duration was 45 deys. Statistical-
ly reliable leucopenia was registered in enimals subjected X-ray
and ceomine radiatiocn. Of great interest is great dispersion of
leacocytes number of animals exposed to SHF only and combined
radiation. However, in the latter case this digpersion was notab-
ly decreased with X-ray dose accumulatlion.

ulbn;flCant changes of immunclogic reactivity of rata exposed
to fractionated SHF radiaticn at 50 mwfcgz for 20 min of single
exposgure have not been regisiered. But short-fime decrease of
lisozime titer, gome intengification of ceomplemental activity of
gerum, phase varialiono of antibody *ormatlon and excegsive crea-
tion of complement-fixing autoantibody were found to occur.is
the same time shoritwave X-ray exposure at 60 r led to conspicuous
suppresaion of all factors studied of nonspseific and Dchific
immunity, decrease of tolal immunological rerzetivity and risc of
antihody Tormation. Combined influence was regponsible for some
decreass of radialisn breaking of nongpecific immunity ag well
ags for cppression of serum bacterioidity. Decreage of gerum liso-
7zime tiler waz less consnicuous than at X- wa; irradliati on anly

Shord wavb X-ray radiatiocon wes egtablished to influence mainly
apon mice sitability to pkysical loading at the fevels of comhined
ghort X-ray and SHF irradiation chosen by uze. However, decreasme
of animel 3tability to the phyoical leading occurred carlier (on
the 41-st day) st coxbined radiation than st X-ray lrradiaticn
only.

Tnder fractionated irradiaiion ccaditions the experimental
ani" ala rovecled the consideratle alterations of spermalopenesis
in all giuges, in sarticalar, ol shorlwave Z-ray and i combined
irradiation. The earliest alteratiosns were noliced in the Initi-
al otazes of spe wmktobonkr is. S50, ot gcuie *;bes of 1lnvestipgati-
ons spermategonis, spermatocytes, cspermalids and spermatcezoa were
absent completely or alicst ceomplelely and testis bubdbuics were
devastated.

Thuag, lhe investlig:tions of the znrimplse reactions to Influence
¢l frecticnated wshertwave ?—ray and SHP irradiations -iid =0t al-
low to ind clear iutensificevisn of eflfcets at combined irradia-
ticn. Predominant affect of cne of Shose factors was noted depend-
ing an their levels.

When studying the longwave X-ray (30 r dose of pingle exXposure;
and SHF (5 mw/em?, 20 min Tor cingle exposure) radiation influence
fractional irradiatizsn of mice in different series of {esis ldsted
from 2.5 to 6 zonths.

The X-ray Llongwave irradiation (by the doze menticned) Lave
never resaited in animala' weipghtl decresne daring the investiga-
viong. A3 a result of SHF irradieiion animnols' weight nad reliable
decrezge only on the 110-th day from fthe bheginning of irrudistion.
Combined 7“rmdlutldn being ased, chlnning from the 1%-th ‘ay of
irradialisn the .lece VLLDHL hizve bteen decreased in comparison
with thet of umaflected (conirol) group.

The obizined data of one-Tecicr disnerse analyuis showed that
in gpite of negligible influesnce of igecleoted A-ray irreciation
on the vody weighi, with combined irradiatiosn 1i becomes cssenti-
al.

i tendency have been otserved for Ielb.t increagse of acuse's
liver and wpleen, when subjeclted to coublineg irradisticn, pro-
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bably because of intense blood filling.

Lg & result of combination of mentioned irradiation of two
kinds decrease of serum liaozime tifers in comparison with unaf-
fected group of animals and those under geparate irradisiion was
detected.

In three series of experiments the factors of productivity of
mice were studied. In the first two geries mice (both males and
females) received 31 exposures. In the third series they received
82 geances of exposure. For the last 15 days before the end of
irradiation male and female mice were in the same cages (15 fe-
male and S5 nale wmice in each cage). After this male mice were
separsted from female ones.

The following perametiers were determined as the factors of
productivity : per cent of delivering females reproducibility
factors (per one Temale under investigation) k., - according to
the number of mice born, k, = according to the number of mice
born, which lived up to 30 days age.

The series of tests ghowed oome increase in the numbey of de-
livering fe¢male wice and in the reproduction coetficients in
groups of animals expeoged to separate irradiation. There were no
pronounced differences between these and control groups in the
zecond series of tests (Table 1). On the contrary, the combined
irradiation showed the statistically reliable {in comparison
with control) decrease of delivering female per cent and marked
{30-40 per cent) decrease of reproducibility factors.

Statistical processing using criterk of ilcoXon showed reli-
aple difference in the wvalues of reproducibility factors for the
groups exposed to combined irradiation in comparison with those
unirradiated and mosily with the groups exposed to isolated X-ray
or 3HY irradiation. The caromosgome sberration frequency for &1l
groups of animals under invesiLigation exposed for 2-5 months had
notable increuse in compariccn with controle The maximum value
of thig factor exceeding 2.4 ancd 10 times the number of sponta-
necus avberration wag obiained for the groups exposed to combined
irradiation.

Thus, experimental atudy made it posaible to derive pronoun-
ced effect of ccmbined fractional X-ray leongwave end SHF irradia-
ticng in comparison with 1lsolated irrediation vy a number of es-
gential parameters.

II. Person Cbgervations

Organization and Method

For examination and observation of the workers the latter were
chogen engaged in the field of adjustment znd teating of the
electronic devices. These people were divided into the following
3 main groups according to forna of cccupational factors:

I group - 50 perscong working nuader conditions of combined
AL-rey longwave and SHF irradiation;

il group ~ 47 person working under conditions of cowbined X~
ray shortwave and SHF irradiation;

IZI group - 50 persons working under conditlonsg of SHF irradi-~
atione

The ceniral group (55 persons) included those who work under
conditions with no professional irrszdiation.

The average age of every groupe person examined was 33-739
years for men and 35-33 years for women. Industrial record wes
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13-18 and 12-15 years respectively. The average age and average
term of work of persons dealing with X-ray and SHI scurces ag
well as persgons in the control groups were similer.

The program of medical observatione and clinical physiologic-
al examinations of the workerg' groups consisled of investiga-
tions: functional conditions of neural and cardiovaacular sys-
tems; atate of blood, state of organs of vision and analysis of
illnegs and complaintis.

OCbmervation Regulis

Among workers of the first 3 groups complainta of asthenic-
vegetative type prevailed, namely: abnormal hiigh tiredness,sleep
disturbances, head ache. The number of those complaints in the
I and II groups (combined irradiation) reliably exceeded that
in the III group (1+16-1+5 timea). In the first {two groups the
number of second medical admices exceeded 2-4 times the same
factor for other groups. It was catablished by mesns cf objec-
tive Invesgtigatiocn of persons who worked under combined irradi-
ation conditiona that deviations in rneural sgystem functional
state were observed more often than for those who was exposed
to SHF irradietion only, and to control group. For examnle the
number of cases of handg fingers and lashes termor in the first
two groups notably exceeded the game factor in the 3-rd and cont-
T0ol groupSe.

E.E.G. examinaltion showed that the frequency of deviations in
thege curves in the I and the II groups exceeded ones in the
I1I-rd and conitrol groupsge.

sirterial blood pressure levels in all groups under investiga-
tion were within the limits of normal values. Cnly light decrease
of maximal arterisl pressure was noticed for the I group persons
exemined in the [irst stage of cobeervationg.

L.CeGs ~ examinations mede 1t pogsible to {find notable in-
crease of the number of cases with sinus erhylhmia and conduction
disturbances for those wno worked under combined irradiation.

As a result of capillaroscopy it was found that the freguency
of spestic-atonical capillar state detecticns in the I, II, ITI
and IV groups 1n equal to 52, 53, 47 and 2% per cent regpective-
ly, having stetistically reliable differences between the firsi
two groups and the III one as well as unaffected group.

While studying the capillar resistance using Westerov method,
the second (higher) reaction degree appeared reliable more often
for persons worked in the cenditions of combined irradiation
than for cnes of the IIT-rd and contrel groupa.

Those who were exposed to combined irradietion had more fre-
quant occasions of decrease of leucocytes number {(less than
4200 in 1 mm3 of blood) and of trombocytes number (less than
200 thousand in 1 mm3 of blood) comparing with unirradiated
groupsa; the average is not different from normal.

An a regult of investigatione of the vision organ state it
was found that the frequency of cases of vascular dystonia of
eye's bettom in the main groups of perszona was not large {of 10-
18%) still it had some deviations from the control group (6-10%).

While biomicroscopical studying the tranaparent eye's medium
the lenticular opacity was cbserved more often in the I and II
groupe than in the control cne. This opacity didn't affect the
shorpness of sight in general.

Some immunological deviations were obeerved in the I group
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of persons in comparigon with ithose of the control group, name-
1y, pronounced variation of skin microbes, increasing of C-re-
active protein and serum autoantibey formation.

Comparing the disease incidents in the irradiated and in the
contrel groups no eggential differences between them were found.

Ho cases of occupational patalogy caused by X-ray or SHF ir-
radiation were chbserved for all period of invesiigations.

Thus, according ic the most indices of functional state of
neural and cardiovascular systems as well as to Indices of hu~
meoral nonsanecifical immunity notable effects of X-ray longwave
or snortwave irradiation combined with that of SHF were found
Tor workers.

These differences are revealed in the incrcase of deviation
Trequency in conmparison with the conirol group as well as with
group of workers who were irradiated by 3HF uvnlys.

Wunerous medical observation data showed that the main contri-
bution to funetional variations cccurrence is the result of oc-
cupational factcrs affects, which took place in the first period
of work (before 1360-1961).

In the main groups in 1970 it was found that the degree of
the game earlier obsgerved deviations had notably decreagsed and
in general the factorg of functional body atate did not lie
beyond the limits of physioclogical variationa.

Conclusion

The folleowing effects for animels were found as a result of
experiments performed. Pronounced intensification of biolcgical
effects were cbgerved for the case of combined SHF and X-razy long-
weve irradiaticns. Combined SHF and X-ray shoritwave irradiastions
didn't result in any effects intensification for most of the
factors under controle.

A-ray irradiation was found to be dcminont for changes ob-
gerved during combined irradiations.

Clinic-physiologicel observations of the persons occupied in
the conditions of combined X-ray and SHF irradiations showed
higher frequency cof investigated factors deviations than that
of thoge occupied in conditions of SHF irradiation only and for
the control (unaffected) group.
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PROGRESS IK THLE REDUCTION OF MICROWAVE EXPOSURE #'ROM MICROWAVE
QVENS USED IN COMMERCIAL ¥QOD VENDING OPERATIONS 1/

by

Martin C. Wukasch, P.E. 2/
and
Joseph F. Thiel 3/

Abstract

During the past two years microwave ovens used in commercial f{ood vending
operations have been surveyed in cooperation with State participating local
Health Departments and Districts in Texas. These surveys have shown that there
is a correlation hetween general sanitation and maintenance with leakage of
microwave radiation. Additionally, since Qctober 6, 1971, the effective date
of the microwave oven manufacturing standard (developed under the Radiation
Control for Health and Safety Act of 1968, PL 90-602), significant reduction
in the percentages of leaking ovens has been noted for ovens manufactured after
the effective date.

introduction

The use of microwave ovens in the commercial food vending operations
business over the past several years has been on a steady increase. Among
the variables influencing this increase is the fact that extended storage
Lime of refrigerated food is considerably greater than that of food stored
hot, and the fact that microwave ovens can quickly heat cold food to serving
temperatures,

The biological effects of microwave radiation are generallv separated
into two divisions, thermal and non-thermal. Present adopted standards relate
to the thermal effects of microwave exposure. The ability of mierowave ovens
to heat food quickly can heat parts of rthe human body just as quickly. With
the thermal sensors just under the skin and the maximum temperature from
microwave heating occurring much deeper, the potential exists for significant
damage prior to the sensation of pain.

1/ Prepared for the 3rd International Radiation Protection Association,
Washington, D. C., September 9-13, 1973

2/ Director, Division of Occupational Tealth and Radiation Control, Texas
State Department of lealth, Austin, Texas

3/ Environmental lealth Specialist IV, Nonionizing Radiation Program, Divisicn

of Occupational liealth and Radiation Control, Texas State Department of
Health, Austin, Texas

96



Federal regulaticns found in 21 CFR 278.212 require that all microwave
ovens manufactured after October 6, 1971, have microwave radiation leakage of
less than a power density of one milliwatt per square centimeter at any point
five centlimeters or more From the external surface of the oven prior to first
sale and, thereafter, less than five milliwatts measured at the same distances.

The American Conference of Governmental Industrial Hygienistsg "Threshold
Limit Values of Physical Agenrs", recommends a time weighted microwave power
density exposure not to exceed 10 milliwatts per square centimeter, with total
exposure time limited to the 8-hour workday., UHowever, this limit may be
exceeded under the following condltions: for average power densities between
10 and 25 milliwatts per square centimeter, total exposure time shall be
limited to no more than 10 minutes for any 60 minute period during the workday;
and, for average power density levels in excess of 25 milliwatts per square
centimeter, exXposure is not allowed,

The U. 5., Department of Labor, COccupational Safety and Health Administration,
Occupational Safety and Health Standards are not quite so lenient, 1In 29 CFR
1910.97 they established a Radiation Protection Guide of 10 milliwatts per
square centimeter averaged over any Eossible 0.1l-thour period. This means the
following: power density of 10 mW/ecm¢ for periods of 0.l-hour or more; and,
energy density of 1 m-hr / cm? during any 0.l-hour pericd.

Beginning early in 1971, microwave ovens were surveyed to determine the
rate of failure to meet the above standards. The ovens used in comnercial
food vending operations were selected for this study ss it was felt that they
would show the effects of extreme product use and abuse, since they are used by
the general public without maintenance on its part. The typical vending
installation consists of at least one cold food vending machine, one microwave
oven and several drink and candy machines. The installations are generally
serviced daily in the morning, with the route man cleaning the oven,

Survey Methods

Cur surveys were done using a Narda 8100 Electromagnetic Radiation Monitor
with a standard five centimeter spacer cone. The ovens were operated at their
maximum output using a standard load of 7 0z, of drinking water in a plastic
drinking cup. This load is less than that used in 21 CFR 278.212; however, the
Tesults of the tests on defective ovens did not vary significantly with this
reduced load, (206 vs 275 ml).

A total of 561 ovens was surveyed in commercial foeod vending operations
with 104 of these being manufactured after the effective date of the
manufacturing standard. The use of trained local health department personnel
greatly aided the completion of this survey program as well as acquinting the
local personnel with the hazards associated with microwave oven radiation
emission.

Survey Results

0f the 561 microwave ovens used in commercial food vending operations
surveyed, 452 or Bl% were found to be emitting microwave radiation less than
the present federal product standard of 5 mW/cm® as measured at 5 centimeters.
5ix percent of the ovens were in the 5-10 m‘wz'cm2 range, three percent were in
the 10-15 mW/cm? range, and 11% were in excess of 15 mwW/cm®,

The eleven percent in excess of 15 mW/cm? were ordered removed from
service until corrections could be accomplished by the vending company. This
action level was determined as a maximum allowable level to continue operation
of the ovens. Ovens in the 10-15 mW/cm? range were atlowed to operate; however,
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the vending company was notified of the defect and requested to repair the oven
within 24 hours. The 15 mwfcmz level was determined from OSEHA regulations
using a minimum exposure time of I miautes. It is felt that exposure times under
one minute are difficult to determine. Under normal use conditiecns found
during the survey, one minute was found to be a typical user exposure/use time.

2 ; .
If we use the ACGIH exposure ceiling value of 25 mW/cm™, we find that six
percent of the ovens exceeded that value. Also, four percent of the ovens were
found to be in excess of 30 mW/em”.

TABLE 1
% of ovens % of ovens manufactured
manufacrured prior after October 6, 1971
% of ovens less to October b, 1971 less than or
Power than or equal to less than or equal equal to

Density the power density to power density power dengity

5 /el B1% 77% 987,

10 i/ cm? 87% 84, 1007,

15 oW/ cm? 917, 88, 1007%

50 mif/ cm 967, 95% 100%

Table I shows the results and distribution of the various surveys broken
down into ovens manufactured pricr te or after the COctober &, 1971,
manufacturing standard date, It is of significance to note that only two new
ovens out of 104 surveyed failed to meet the new standard., Their emission
levels were found to be 6 and 10 mW/cm?,

TABLE IT

Ovens Manufactured prior to October 6, 1971: Total of 167 in gzroup

# of ovens in # of ovens in % of ovens

Power Density Power Density Power Density found dirty

P range found range found in each

2 .

{mls /em” ) dirty clean range
P&S 50 79 39%
54{P&10 5 6 45%
10<PL15 7 3 70%
15¢Pg50 11 4 737%
50¢P 4 2 67%

Ovens Manufactured after October 6, 1971: Total of 72 in group

PL5 22 48 31%
54T 10 1 1 50%
104p 0 0 -

The data in Table II would seem to indicete that the new ovens are being
maintained in the same condition and under the same sanjitary standard as the
older units. However, one should note that in older units there is a
correlation between the dirty units and those showing excessive leakage,
thereby, showing the importance of proper maintenance.

Swabs were taken on several microwave units to determine whether
biclogical growth could be supported inside the ovens. 1In the test, swabs
soaked in growth media were wiped over an eight square inch area inside the
oven. The swabs were stored in a sterile vial and refrieerated until returned
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to the Texas State Department of Health laboratory for growth under standard
conditions., Coleony counts in excess of 10,000 were found; however, this is not
a true indication of the total condition of the ovens. MNore data is still
needed to give the true picture of the ovens in operation, since the areas
wiped were not food contact surfaces.

If we accept the five milliwatt per square centimeter standard, then one
may analyze our results on a vendor bagis to determine both microwave emission
and sanitary conditions and perhaps determine if the vendor is doing his job.
Table III presents our data in this matter. Vending compenies doing business
under the same neme in several different cities have been lumped together.

TABLE IIIL
Vendor Symbol % less % of all ovens found dirty
(10 or more than when surveyed
ovens) 3 mw,fcm2 "U" means undetermined
A (20) 85% 20%
B (22} 100% U
C (28} 647 36%
D (113} 4% 27%
E {13) B7% U
F (85) 877 33%
G (20 607% 47%
H (12) 92% 33%
I (51 847% 36%
J {47} 79% 15%
K {13} 69% C
L (68) 81% v
494 ovens BL% 30%

The last figures in the column are preseated for statistical purposes only.

The data in Table III when taken rogether with the data in Tables I and
II allows one to analyze a given vendor's maintenance program.

Conclusions

The micrpwave ovens manufactured after the effective date of the federal
product standard, Qctober 6, 1971, have microwave enissions much less than
those manufactured prior to the standard date. This lower emission is
maintained even though they receive the same maintenance as the older ovens.

Trhe general sanitary condition of microwave ovens in the commercial food
vending business leaves much to be desired.
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ULTRAVIQLET RADTIATION DOSIMETRY
UTILIZIRG IHERMOLUMINESCENCE

A. Dhar*, L. A. DeWerd and T. G. Stoebe
Division of Metallurgy
University of Washington
Seattle, WA 98195

ABSTRACT

An integrating dosimeter to detect ultraviolet radiation has been develop-
ed using the process of '"direct” ultraviolet stimulation. This process yields
a thermoluminescent signal after an exposure to ultraviolet radiation without
prior exposure to ionizing radiation., Various crystals were compatred for sen-
sitivity to ultravioiet radiation., The spectral sensitivity, linearity with
exposure and long tange stability of the stored energy were investigated for
Mgl crystals which had the most sensitive response. The results of these
tests indicate that a sensitive ultraviolet dosimeter can be developed using
this phenomenon.

INTRODUCTION

Ultraviolet radiation results from a variety of industrial processes,
various kinds of lamps specially designed Ior ultraviclet emissiorn and natural
sources such as sunlight. In addition to the medical therapeutic applications
of ultraviclet (u.v.) radiation, there is an increasing application of u.v.
radiation for disinfecting and sterlizingl materials in industrial and public
health areas. The injuriocus effects of u.v. energy appear to be related to
their ability to be absorbed by nucleic acid®. Determatologists and skin
photoblologists are mainly concerned with the deleterious effects on man, such
as erythema (sunburn), painful inflamation of the membrane of the eye, and the
possibilities of skin cancer3. The actual effectiveness of sunburn 1 express-—
ed in terms of the 'standard erythemal spectrum' covering wavelengths 250 am to
320 nm. This spectrum and the erythemal effectiveness have been widely
studied,%"7 the most sensitive region of erythema being between the wavelengths
of 290 end 320 nm. The smallest amount of ultraviclet energy that will produce
visible erythema is called a Minimum Erythemal Dose (MED) and is defined as the
minimum amount of energy required to elicit a just barely visually detected
reddening of the skin at one particular wavelength. This MED value, however,
is dependent on several factors such as the observation time of the erythena
and the anatomical site of testing, as well as the irradiation wavelength and
other factors. Thus it would be useful to have a convenlent dosimeter which
would act as an absolute measurement device.

A number of phosphors utilizing the thermoluninescent phenomencn have beerr
studied as possible dosimeters for the ultravicolet region. Thermoluminescence
has received extensive study and use in the past for lonizing radiatiou dosi~
metrya. The loew cost per phospher, the absence of any associated electronics

* Associated with the Division of Radiological Sciences
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at the site of measurement, and the fact that the thermoluminescent phosphor
can operate unattended, are some of the advantages in using thermoluminescence.
The small size of a solid phosphor allows the possibilities of performing sxin
transmissicn studies in viveo and develeopment as a personnel dosimeter.

One of the first thermoluminescent phosphors recelving attention?>10 for
u.v. detection was CaS0y:Mn, but it was not sensitive in the erythemal region.
Wilson et.al.ld stucied a natural CaF, phosphor using the technique of "trans-

ferred thermoluminescence (TL)". The game process was utilized by McCullough
and Cameron, and Okunc and Watanabe in natural CaF; by Nambi and Higashi-
mural® in CaS04:Tm and CaS04:Dy. "Transferred Thermoluminescence” involves a

sequence of operations. The phosphor i1s first heated to 700°C to empty deep
traps and then is exposed to a "standard" amcunt of X or v radiation. The
phosphor is tnen heated to 400°C for 10 minutes (this empties the traps with
glow peak temperatures below 400°C but does not empty the deeper traps). Upon
exposure to ultraviclet radiaticn, some of the electrons in the deeper Liaps
are "transferred" to the shallower traps corresponding to lower temperature
{<400°C) plow peaks. The glow curve of the transferred thermoluminescence is
then measured up to 400°C, and the transferred TL intensity may then be related
to the ultraviolet radiation exposure. The transferred TL intensity is also
related to the number of traps previously filled by ionizing radiation.

As is evident, this transferred TIL process is complex and time consuming.
In contrast, the process of "direct' ultraviolet stimulation, with which this
work is mainly concerned, yields a thermcluminescent signal after an exposure
of ultraviolet radiation, without any prior exposure to ionlzing radiation.
This simplifies the process and is more convenient for practical use. This
paper is concerned with the feasibility of using materials involving the
"direct" stimulation process as dosimeters for ultraviolet radiationm.

EXPERIMENTAL DETAILS AND MATZRIALS SURVEY

An xenon arc lamp (PEXK:X-151-1453) was used as a u.v. irradiation source.
This type of xenon source was used because its spectral distributlion closely
resembles that of the sun. Other experiments used a mpnochrometer {(Jarrell-
Ash 1/4 meter) with 3 mm exit slits to select a particular u,v. wavelength.
All u.v, intensities were measured with a radiometer (Y¥SI-kettering, model 65}
at a standard distance of Smm from the exit slit of the monochrometer. A
Harshaw model 2000 thermoluminescence detector was used to record the TL glow
CUTVES.

A general survey of the u.v. response of various wmaterials was perfarmed
first to find those showing the greatest promise for direct sensitizatioms.
Fifteen different materials were tested by irradiating for 10 minutes with the
light directly from the xenon lamp, so that the sanples were exposed to a
range of wavelengths. The materials did not receive any cther radiation prior
to u.v. irradiation. The resultant response of the materials tested is shown
in Table I, where Mg0 and magnesium silicate doped with terbium seem to be the
most sensitive to direct u.v. stimulation. The results indicate that MgC
crystals annealed in an argon atmosphere at 2000°C for 24 hours have more
thermpluminescent sensitivity than the as received or nonannealed MgO crystals;
this annealing procedure affects the defect structure of the crystal, wnhich
in turn affects the thermoluminescence. The results of this survey also indi-
cated that the total impurity content in MgO plays a significant role in
thermoluminescence, since impure MgD has less thermoluminescent sensitivity
than the purer MpO.

RESULTS AND DISCUSSION

After thnese initial tests it was degided to experiment further with MgD
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crystals since they responded with the

1 greatest scnsitivity. Spectral seasiti-
5 vity, lincarity with expusure and the
) ! short range stability of the stored
2 cnergy was studlied. 'Two sets of Mg

f R crystals, designated as PA and ¥B, were
/ ' studied. PA crystals have a total im-
4 \ purity content of 255 ppm and XB crystals
! have total impurities of 815 ppm; more
/ | details on these samples are given by

Srinivasan et.all?,

Figure 1 shows a typical glow curve
of a PA crystal, with a mairn glow pcak at
about 143°C designated as peak L. Peak 2
and peax 3 {not shown) arc at about 173°C
and 325°C respectively. Tor comparison,
a glow curve of X-irradiated LiF (TLD-100)
is alse shown. In PA crystals, peak 2 id
small and not very distinctive, and peak
3 is very broad. Peax 1 and peak 2 were
completely absent iF there was no prior

_ : - — u.v. Irradiation. The most effective
TEMPERATURE (°C] peak for dosimetry is peak 1 ac 145°C and
therefore, all further tests concentrated
Fig. 1. ‘ihermoluminescent glow on this peak. Glow curves of NB crystals
curve of MgU-PA type crystal (—) show peaks at the same temperature as In
exposed to 3 x 104 yW-sec/cm? at PA crystals and an additicnal peax at
296.7 nm and LiF (TLD-100) singie 120°¢G.
crystai {---) exposed to 100R of
250 kVp x-rays (thureas III filter) The MgQ crystals were ohserved to
Peak height of LiT peaas 5 is 2.2 exhibit a sensitlization phenomencn. Un—
times higher than peax 1 in MgO. treated crystals irradiated only at one
particular wavelength of u.v. radiation
show much less TL than similar crystals
which have becn previocusly irradiated with whole u.v. {(mixed wavelengths) for
10 minutes before exposure to a particular wavelength., The thermoluminescent
intensity of the untreated c¢rystals after such a preliminary exposure followed
by an exXposure at a particular wavelength was similar to that of the crystals
which previously had been treated with whole u.v. exposure. The ainimum amount
of time required for sensitization for PA crystals was found to lie between 10
and 15 minutes; a 20 minute sensitlization period shows a drastic reducilon in
thermoluminescent sensitivity. Thils sensitization periocd of 15 minutes was
found teo give a maximum response for a number of MO crystals with different
impurity levels. The greatest sensitivity however, was for the purest material
(PA crystals).

THERMOLUMINESCENCE

the sengitivity of PA and ¥B crystals as a function of wavelength for the
u.v. region is shown in Figure 2. All the crystals received the same exposure
of 3 x 104 pW—sec}cmz at all wavelengths. This value is the Miniwum Erythermal
Dose (MED)} at 296.7 nm based on the standard erythemal curve. PA crystals have
a completely flat respensc over the entire wavelength region; thus no wavelength
corrections are necessary for this kind of a crystal. NB crystals, on the cther
hand, show an increase in thermoluminescence at 285 mm followed by a continuous
decrease in thermoluminescence to 305 nm and then a uniform response to 325 am.
Thus if KB crystals werc to be uscd for desimetry purposes, corrections for
this wavelength dependence would have tu be made. The results shown in Fipure
2 are for PA crystals that were sensltized about nine months before this study
was done, and For PA and ¥B crystals sensitized befere the experiment. These
results show that this sensitization preocedure, dis ussed previously, decreases
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Fig. 2. Thermoluminescent output _
(TL/mg) for MgO PA and BB crystals as a 10 7 p ';3 ' 5
function of wavelength of irradiation. UVEXPOﬂmEtpw—ucmmz}

Tae circles represent NB immediately

after sensitization. The squares con-

nected by the dashed line represent PA TFig. 3. Thermoluminescent output

immediately after sensitization, {IL/mg) for Mg0-2A(x) and NB {o)}
whereas the crosses connected by the crystals as a functien of u,v. exposure
solid line are for PA sensitized 9 at 295 nm. Arrows indicate the MED
months before the tests. value at 295 am.

approximately an order of magnitude in effectiveness in a nine month period,.
The seasitization decreases by 20% within 15 days. Thus, elapsed time after
the sensitization procedure is an importaant variable requiring atteatiocn.
Turther studies to delineate an optimum time are in progress.

The response of the MgO ecrystals as a function of ultraviolet exposure at
295 nm is shown in Figure 3. The exposure was determined up to an order of
magnitude above the minimum erythemal dose (MED indicated in Figure 3}. The
linear relationship with exposure shown by PA crystals over the entire regioen
would be extremely useful for dosimetry purposes. The relaticnship between
TL/mg and exposure-for NB crystals shows two regions of linearity, This kind
of MgO crystal could also be used for dosimetry purposes provided the regilon
of operaticn is roughly wnown.

Thermoluminescent reproducibility, ancther important dosimetric considera-
tion, has been checked several times under various conditions. The repeated
thermeluninescent Measurements yielded a standard deviaticon of less than #3%,
This 5% reproducibility in the PA crystals was obtained without any intermedi-
ate heat treatments or sensitization procedures; this coulid be a big advantage
of using this system, since no annealing treatments are needed for repeated
use of these crystals such as those required for LiF (TLD~-100} crystals after
each thermcluminescent measurement. The efiect of storage at room temperature
and of room light, which are other important aspects of the reproducibility of
these crystals, was studied for a number of crystals. The crystals were u.v.
irradiated to an exposure of 3 x 104 LW-sec/em® and the thermoluminescence was
measured. The crystals were then cycled through the readout procedure a few
times after the first thermoluminescent measurement to assure that there was no
thermoluminescence left in these crystals., Then half of the samples were left
in rpom light and the other half was wrapped in a black paper and left in a
drawer. After 24 hours, all the crystals were read out again. Crystals which
were left in black paper did not show any thermoluminescence whereas those
left in room light hac a response which was less than 0.5% of the original
thermolulinescence, corresponding to an exposure of 1.3 x 102 LW-sec/em2,  Thus
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under normal use, care ausbt be exercised to avoild unnecessary exposure to room
light altheugh the response after 24 hours may be considered nepgligible. If
u.v. irradiated crystals dre stored at room temprerature wrapped in black paper,
the responsc decreases cxponentially with time; peak 1 has a half 1life of 192
hours (8 days).

Iwo regions ol sensitivity and lincarity werc noted above (Figures 2 and 3)
for the impure N3 crystals. Since theracluminescence in Mg0 may be correlated
with tbe valence changes of ¥e and Cr,16,17 it is probable that these two
phenomena might be related to the impurity defect strueture within the crystals.
The lwmpurity defect structumis affected by anacaling, and thus the presence
of certain defect structurcs might yield greater u.v. sensitivity as mentioned
previously. HReactions between vacancles and impurities, and the effects of
thelr concentrations In Mg0 have been gstudled as a function of temperaturc
using optical methodsl® and ionic conductivity techniquesl®. Trradiation with
u.v. light or heating In oxygen or magnesium vapor to change the valence state
of tne impurities will produce optical absorption bands in MgO crystals which
contain no intentionally added foreign ions. Wertz et.al.®>: presented
evidence for changes In valence of various foreign ions in MgO during irradia-
tion and other treatments. Hansler and Segelkenl® have reported that Lhe
amount of Fedt could be changed during uliravielet irradiation depending on
the previous treatment. These changes could be reversed during thernwolumnines-—
cence. The same cifects have been observed with Cr3*. Therefore it was
suggested that thermoluminescence might be correlated with the wvalence changes
of impurities in Mg0. PYurther investigations are in progress Lo attempt to
correlate changes in the defect structures with maxinum thermeluminescent
response to ultraviolet irradiation.

CONCLUSLIONS

Un the basis ol these results, MgO-PA crystals have been found te be
feasible for u.v. dosimetry in the erythemally effective region of 280 to 320
nm. MgO crystals of lesser purlity, represented by NB crystals in this paper
can also bo used but require more care. These MgO crystals yield a thermo-
luninescont signal after a "direct” u.v. radiation stimulation wlithout aany
prior exposure to lonizing radlation. For the greatest response, the crystals
should be sensitized by irradiating thea with whole u.v. (mixed wavelengths) for
15 minutes befere using them. MgO-PA crystals arc independent of the waveleagth
of irradiation and have a linear relationship of thermoluminescence as a func-
tion of exposure. Thus these crystals can be used without any corrective
procedures. Ihe crystals also can be reused immediately with a reproducible
response to witiin 15%. However, thesc crystals are slightly affected by room
light and as such, precaution should be taken to prevent the crystals from
recelving unnecessary prolonged exposure to room light.
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TABLE I

Thermoluminesceat response of various materials after exposure to the

entire spectrum of a xenon lamp for 10 minutes.

Thermoluminescent

Sample Peak Temperature {(C°) Peak Height
Mgl
(1) Annealed Pure PA Crystal? 145 0.6l x lO:g
175 0.15 x 10
{2} Unannealed Pure Crystal® 136 0.22 x 1078
(3) NB Crystal (Lower Purity)P 120 0.26 x 108
145 0.39 x 1078
Magnesium Silicate: Terbium® 190 0.17 x 1078
Magnesium Borate: Terbium® 115 0.12 x 10711
Calcium Fluorided 11
(1) cCaFs:Mn 153 0.62 x 107
185 0.35 x 10712
(2) GaF,:Dy 170 0.43 x 10~ .
215 0.33 x 1071+
Calcium Sulphated
(1) €aSO,:Mn 120 0.23 x 10712
(2) GaS0,:Dy 190 0.12 x 10712
Lithium Borate® 119 0.76 x 10711
165 0.40 x 10-11

LiF (TLD-100)

No Detectable Response

a Dak Ridge
b Norton Company
¢ bai Nippon Toryo Co., Ltd.

d Harshaw Chemical Company
e Grown in this laboratory
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A CALIBRATIOY FACILITY FCR MICROWAVE MONITORS -
DESIGN ANL OPERATINC EXPERIENCE

1.5. Leith
Auatralian Radiation Laboratory

Melbourne, Australia.

(A broad-band microwave calibration facility has been desipgned and partly
completed, Evaluation of the facility and its progressive design are
described and calibration results presented).

Since 1963, the Australian Radiation Laboratory has taken an mctive
interest in the hagzards of microwave radiaticn, and has offered advice on
request. Following a specific case of inadvertarnt entry of persorns to an area
close to a powerful transmitting radar antenna in 1966, a Narda Model BB6BR3
broadband moniter was purchased to permit measurements to be made ir support
of the calculations relied on to that date,

It was realised that the calibration of the available monitors was made
at several frequencies only, that the variztion of calibration factors from
one frequency to another was quite large and that "holes" in the frequency
response may well occur between calibration points, Thus the reed for broad—
band calibration wes recognised at this early steage. Microwave ovens were
subsequently introduced into Australia and Narda Models 8100 and 85200 near -
field monitors were purchased in due course, Initial investigations soon
revealed marked differences in response of identical wvrobes, hence calibration
was firet undertaken at 2450 MHz. The system shown in Figure 1 was set up as
a first atep. At this time no calibration manual for the instruments
described above was available from the manufacturer.

The microwave absorber used in this aystem iz Pleasey Type APS0 pyramidal
absorber twelve inches thick and covaring an area 8 feet by 8 feet. The
facility was set up on a discontinuocus bagis in the centre of a large room
with a ceiling 11 feet high and havirg a width of 14 feet. The nearest broad
surfacea were thus approximately 13 wavelengths away from receiver and
trangmitter at 2450 MHz. The radiation source is a diatherny generator
(with additional mains power [iltering and stabilising circuits) which
incorperates a magnetron to produce up to 120 watts of power. & large mismatch
at the generator output was successfully tuned out using a two—gtub tummer.
The circuit was set up using coaxial components becazuse many components were
not available in waveguide in LS-band and in order to facilitate extension to
broad-band. The power measurement was made with a Hewlett Packard Model 4324
thermistor meter and coaxial mount and the manufacturer's calibratior was and
iz relied on as no microwave power or power dengity standard exists as yet in
Australia. The antenra used is one of a pair of identical Farda LS-band
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gtandard gain horns which have been connected by cover flanges to Karda
waveguide—~to-coaxial adapters. A pair was purchased to undertake measurements
of antemna gain, initially to reduce the uncertainty in the gain quoted by the
manufacturer,

Power density at distance R was derived using

¥R = 2o (1)

T Tme

where Gp = Gain of antenna at distance R from antenns
Wgp = Power density at distence R from antenna
P

o = Output power at the antenna

P, is known in terms of the power indicated or the meter

HERMISTOR POWER METER MONITOR PROBE
UNDERGOING CALIBRATION
//

STANCARD GAIN TRANSMITTING HORN

@' W.G.-TO-COAXIAL ADAPTER

' o MALE-TO-MALE ADAPTER

20 dB ATTENUATOR

THERMISTOR MOUNY,

MICROWAVE DIATHERMY SOURCE -30 48 DIRECTIOKAL COUPLER
(2 TUNER -30 dB ABSORBER
o @ \
COAXIAL LINE POWER DENSITY METER

FiG.1 INITIAL SYSTEM FOR CALIBRATICN OF MONITORS AT 2450 MHz

The initiasl calibrations were undertaken &t an antenna separation of 3
metres although it was realised that aide lobe and msin beem reflections would
be significant. Caleulatione show that for the antennas used, the usual
far-field criterion of 2a2, talkcing a g3 the greatest distance between two
peints on the antenna aperture, ie 3.09 metres at 2450 MHz. The total error
in calibration could not be estimated as defects in the "anechoic enclosure®
could not be determined, however, apart from this uncertainty the total
uncertainty, after all peossible corrections based on mgnufacturer's
calibrations of components, was estimated to be + 16%, - 2?%. This included
an antemmna gain uncertainty of * 7# as given by the manufacturer. &
significant part of the total uncertainty was due 10 conjugate mismatch losses
calculated on the basis of manufecturer's specifications of V.5.W.R. The
total actual error was thus thought likely to be much less than the maximum
uncertainty calculated when tuned for maximum power transfer to the homm
antenna.
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The maximun reflection from the horn and adapters was calculzated to be

T.4% but recent measurements using a dual directicnal coupler have shown only
0.4% of the forward power being reflected at 2450 MHz when mismatch has been
tuned out,. The effect of floor reflectiors has also been irveatigated with
the use of additional absorber (Bastern Microwave Corv. Type FFP-8) recently
purchased. This investigation showed received power density to be 2% lower
at 3 metres when the floor was covered with abscrber. However a 4% decrease
was obaserved at 2 metres and a 4% increase at 96 inches, the calibration
distance recomnended by Narda for their Medel 8100 probes.

An early calibration of a Model 8121 A probe a2t 3 metres gave a
calibration factor of 1,19, correspondirg to a response 16% below the expected
value but within the 1limit of uncertainty. This was based on an antenra gain
of 50 as given by the monitor marufacturer, In the calibratior nanual for the
B100 instrument, the manufacturer recommends the usse of this gain figure at
2450 MHz at 96" from the front face of the hornm. (The same menufacturer
provided s gain calibration curve for the horn antemnnas which gives 2 gain of
50.1% at 2450 MHz, otut it must be assumed that this is intended as a far-field
gain as no distarce is stated), This calibration was considered satisfactory
but later the two horn antennas were used to cbiain neasurements of received
power versus distance over the range 1 to % metres.

THERMISTOR
IDENTICAL STANDARD GAIN HORNS POWER METER
\ ol
W.G-TO-COAXIAL ADAPTER P W.G-TO-COAXIAL
/_ADA'PTER
TUNER — > [ MALE -TO-MALE

e .~ADAPTER
[J
[]

0 b=

THERMISTOR MOUNT

COAXIAL LINE

=

|

.
|

©° o ! : 20 4B ATTENUATOR
. \_~30dB DIRECTIONAL
\_\ COUPLER
MICROWAVE DIATHERMY SOURCE 730 dB ABSORBER . _LOW REFLECTION
LOAD

F1G.2 SYSTEM FOR MEASUREMENT OF GAIN QF IDENTICAL HORNS

The circuit shown in Fig. 2 was used. Thia circuit was acceptable because

the microwave generator was shown in other measurements to be remarkably stable,
linear and reproducible, especially if care was paid to tuning out the output
mismatch. The gain was computed by the far-field power-transmission formula:

2 . Pp = received power
Pp/Pp = (X G)° where (2)

ATIR PT = transmitted power

directional gain of
both horns
wavelength
antierna separation

H> @
o
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As Pp and A were kept constant, formula (2} reduces to

2
PR=_1%2 (3)
2
where k = PTl'- (4)
4 TT

and if G is constant an inverse—square relationship will exist between PR and
R. G was expected to vary because of multiple coupling between the antennaa
and phase variation acrogs the face of each hom. Computed values of G varied
from 42.6 at 1 metre to 51.7 at 3 metres. The inverse-square relation between
PR and R did not hold but could be recovered by the method of Jakes! by adding
a 3mall distance d to R and iterating this procedure until an inverse square
curve was obtained. The distance to be added was 32 centimetres, which does
not correspond closely to twice the axial height of the horns (approximately

40 centimetres). These are not optimum horns, but the departure from the
axial height is rather marked and may indicate errors due to the inadequacy

of the "anechoic" encleosure. This was further emphasised when similar range
teats using a Narda Model 81214 probe and a single horn required addition of

d = 20 centimetres to produce an inverse asaquare fit and constant G.
Approximately one half of the value of d required feor the two rectangular

horns was expected. However, the gain computed at 96" was 50.6 which compuras
well with the gain figure of 50 recommended by the manufacturer in its model
8100 calibration manual. The inverse square fit corresponded to n far field
(constant) gain of 57.4.

Recalculating the calibration factor for the initial calibration usirg
the measured gain of 51.7, the response of the probe is 21% low, outside the
manufacturer's limits and the uncertainty limit (when reduced by T% to o allw
for mismatch removed by use of the tunerg.

Although these investigations leave several questions unresolved with
regard to absolute calibration, this early facility allowed accurace and
ugeful comparisons of probes and monitors with valuable repulis, Also the
high power of the microwave source allows power denaity linearity tests on
all probes at reasonable separations from the transmitting antenna. These
tests have shown all Narda probes for Models B100 and 8200 to have closely
linear response with zZerc intercept at zZero transmitted power dzgpite piobe
calibration corrections determined at 96" lying within the limits of + 48.7%
and - B87.4%, The Narda Model B86B3 broadband monitors checked at 2450 WHz
have responses which are fairly linear but have lines of best 71t which have
a positive intercept at zero power of 2 to 3 mw/cmz. At 2 melres, responses
of two of these monitors were 6&% higher than the estimated value. The
manufacturer's recommended distance for calibration is 47". The gain
variation measured between 47" and 2 metres was from 4%.4 to 49.7 and does not
appear to be the gsource of calibration variation from the manufacturer's
getting. The calibration system is presently undergoing refinement. Fig. 3
indicates the asystem presently assembled and under test in the band 1.7 to 2.6
GHz, The principle of this system is a swept frequency power source employing
& s0lid state gweep oscillator and travelling-wave~tube amplifier. This
syaten is gstabilised and levelled on the difference sign=l between forward and
reflected power. The effective V.5.W.R. of the source is cxpected to be low
and at some frequencies extremely small reflected power is expected. However,
the horm, adapter combination has been swept freguency analysed recently.

The V.3.W.R. is markedly variable and rather large at some frequencies, hence
the system is expected to provide a more linear output power as frequency ia
swept than a system based on forward levelling alone. The output will be
frequency dependent nevertheless due to the frequency dependence of horn gain,
but this will be low over narrow sweep bands and will be calibrated at single
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frequencies in the swept band.

Uncertainty of power measurement seema of minor significance in the total
uncertainty but mismatch is of greater conseauence due to frequency dependence
of the components used in the system. Hence the methods proposed by
Engern 13245 are being adapted at single frequencies to determine the power
delivered to the load {the horn, waveguide-to-coaxial adapter combination}.
This method in one form involves reflecting 1004 of the power zenerated back
down the line which would exceed the damage limits of the trayelling-wave tube.
A more complex form of the method may be used to avoid this, but instezd an
isolator formed by = three port circulator with matched load is included to
protect the travelling-wave tube.

\_F'OWER LEYELLING SIGNAL
A DIFFERENT!AL AMPLIFIER

10:1 DIYIDER

REFLECTED FPOWER
METER

MAVAMAWAWAN

INTERCHANGEABLE
STANDARD GAIN HORNS
AND ADAPTERS

IRECORDER

INCIDENT :QUTPUTS THERM{STOR MOUNTS

-20d8 DUAL
DIRECTIONAL COUPLER

Pl J -30dB ABSORBER @j
= =l
SWEEP — : ) |
OSCILLATOR ;
TW.T AMPLIFIER/ \ > LOW PASS FILTER  POWER DENSITY METER

FIG.3 SWEPT FREQUENCY CALIBRATION SYSTEM IN L AND S BANDS

The anechoic ernclosure is presently beirng extended in a large room using
almost 300 square feet of Eastern Microwave Corp, FFP-8 absorber. Purchase
of more absorber is proposed to provide a target wall 12 feet by 12 feet sguare
composed of 18" solid pyramidal absorber arnd & rectangular enclosure 16 feet
long with sides, ceiling and {loor made of B" solid pyramidel ahsorber. As
the frequency band is extended to range from 10 t¢ 20,000 MHz it is proposed
to enlarge and lengthen the chamber considerably to counterazct the
deterioration of abasorber performance at the longer wavelengths. True far
field measurements are planned in the future, requiring an antenna separation
of at least ten metres. It is planned to develop the anechoic chamber as 8
very wide rectengular chamber with square wedged end walls. A "quiet zone"
with -~ 30 dB reflectivity some ten metres long will be sought., It is proposed
to edapt a Hewlett Packard Model B755 Freguency Response Test Set recently
purchesed to examine the chamber performance az it is developed. The null-
balance techrnique described by Buckley6 will be used. Further, the near field
gains measured in the chamber when lew reflectivity ie achieved will be checked
by computing the near field (Presnel zone) vower transmission formula.
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The calibration gystem under test arnd its further extension to wideband

is sxpected to offer several advaentages, including accurate swept frequency
calibration cver broad frequency ranges and over small bands around
fregquencies of special interest such as 2450 MHz. This is considered
imaortant to detect severe frequency response of monitors and allow for
Freguency variation of sources of microwave hazard.
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Fig.3. RETINAL INTENSITIES FOR DIFFERENT PUPIL SIZES

laxrpe for realistic nezaerd analysis. Burnest's eseciatian is
correct for calculating the irsge size of the laser team eperture
on the retina For an sccomnodated eye, but incorrect as a worst

case s#nelysis. The worst case analysis af liuser harzarvds shoold
allow for the winimum possible beem spal size on the relina. In

the near Tield divergence linited caze Lhe minimem spob size does
not correspond with btihe dimzge of the laser aperture on the retine,
put pecurs inslead in the foesl plane of bhe lens, Trereiore the
Worst case occurs Tor an eye focused at infinlty and not as
duenett initislly assumes four an accomrmodated eye, In & later
put:lication Hurnett glves a siapler ecuation which is mare mearly
correct. Hurnett< gives a besnm dismeter whick is different from
tmat used by Solon et all, allhounh the differsnce ic¢ compensated
sonewhat by the differert ecuolions used to cslculate retinal
intensnity, I+ weald appear however tiat the nethod given by
Solon el al is rore accurate for hezard &ralysis in a1l cases and
we therefore favowr their nethod,

fire Tactor which has not heen allowed {for in hazard analysis
caloculations of bhis type is that of power or energy profile
amtose tThe besam, A1l hazard calculastion wethods given Lo date
pnsume An gven power disiribubion out to the beam edge. May
lasers have i power distribution which follows 2 gausslan pattern
in the far ficld (TEM-p wodel. For theae lasers and where the
nean dizmnet is much larger than thc dismzter of the pupil the
woTsY cass rotinal intensity may be 30% greater Lhan Shat
ated when & uniform powsr dislbribution is assumed.

The bazord cvaluaiion metlhods put forwarc by the various
authors are nobt &1l in agrozrent. The investigatian af the
i recsmer. is cdifficull beceuse in some casegs agsonoblong and
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RADIATION EFFECTS ON ANIMALS

MATEPVAIN K TOKCHEOJOTMH KAJMOOPHMA-252

Banug¥H I'eA,, MockaneB D.U., Cwﬁenhuona BeH., Iogona E.Cay
CouweHoB A.M.,, IeTpoBus N.H., TproicHOB B.M.

MECTETYT OHODPU3IMEKK Hunncregcmaa 3ApaBOOXpaHECHNA ,
Mockea, CCCP,

Abstract

The report contains data on accumulatlon, distribution and
elimination of various compounds of Cf«252 from the body of aniw
mals and characterizes 1ts blological action after a single
intravenous injectlon of acutely, subacutely and chronically
effective doses. Symptoms of acnte, subacute and chronical
injury by Cf-252 are described and characteristics of its blase
tomogenic efficiency as a function of dose ia given,

Brezenue

BeneZcrBMe BHCOKOH TORCAYHOCTH M BCE BO3PACTADISTO NpaxTa-
9eCKOT0 NPMMGHSHHMA, B MHoclejHMe TOAH Bce CONBEEE BHUMAHHE NDUB—
NEKANT BOUNPOCH TOKCHUKOXOTUM TPAHCYPAHOBHX 3JEMCHTOB, DONBEMHCT~
BO MCCISZOBAEM{l NOCBANEHO BOMPOCAM PACNPOZENOHUA ¥ YCKOPEHMA
BHREJGHUA 3TUX M30TONOB K3 OPIAHUBNA (I~5§. bHoxorHuUecrOe ZeHCT—
B¥e TPAHCYPSHOBHX DJEMEHTOB HCCNEZOBAHQO COBEDUEHHO HeZOCTATOYHO,
M B IIepPBYWD OUepeXib, 310 RKacaerTc Cr =252, B HacToAmej padore
OPEBOAATCH De3yHhTATH SKCIODUMEHTOB H8 KDHCRX IO PECIpeZe]eHHD
X CHONOTHUYESCHOMY ZelCTBUIO DARJHUHHX 03 Cf —252,

MaTepHaln M MGTONH

OnNTH mo pacnpezeneHun Cf —252 BHIOJNHEHH HA GeIHX Gecho—
POAEHX KpHCax—caMkax pecoM I90+I0,0, Mayvaium RUHETURY OOMEHA
830THO, COJRHO, JMMOHHOKMCIO coleif u noxaumeprof Qopuu Cr-252,
Konueurgaunﬂ HUTPATHOTO MOHA B pacTBOpe cocTaBasna U,2%, [lomm-
MEDHYE® DOpMY KaJMDOpHUA MONyYady KANAYCHUEM HEBECOMHX KOJMYECTB
?penapawa B pacTBOpe ruzpookucu (~alH), pH pacrsopa I0,0.

JeTbHAA AKTUBHOCTH WBOTOMOP Owna B npeZedax I,2-I1,3 mC-um.
PacTBOpH M30TONA BBOAWIM BHYTDHBEHHO B O0BEME 5,5 MJ ¥ Nepopanb—
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HO NPM TOMOEY MeTAJIMYecCKOT0 30HA3 B ofneme I wi. Yepea ompezpe-
JIEHHHO NPOMEXYTKE BPEMEHM NOCIe BBEAOHMA DAJMOHYKIMZR EWBOTHHX
3aGUBATH JIGKANUTANMOR B ONpeRedANN COZODEAHNE AKTUMHOCTH B Opra-

HAX ¥ THRAHAX NApailenBbio ABYMA METOZAMM [0 IEMMA-H3INYUYCHHN B
[Npo6ax He NOABEPTraBmUXcHA HMKAKOR 00paloTHe KpPOME BHCYMMBABUA H
00 o~ GETHBHOCTH 3 CJ0e TREPAOTO JIWMMHOPOpA NMOCAE OJONECHHEA M
MOKDOI'0 CEUIAHWA OHONpPOU.

ONNTH 10 M3YUEHWD CHOJOTUYECEOI'0 JeiCTBHMA Ka)MPOpHUR moC-
TaBneHy HA 450 KpHCAX—caMMax B BO3pacTe © MeCALeB CO CPeJHMM Bo-
coM 230415 . ABOTHORUCAYW COINB Cf=—252 KpHCAM BBROAMIHM BHYTpH—
BEHHO pacTBop ~ 3,0) B xosax of 0,064 zo 0,0005 «C/r. Ha
KAZAyD AO3y MCHOJB30B&RM 0T I3 Ao 90 KpHC, a4 B KAWecTse OHOIOTU-
4eCKOT0 KOHTponIR - 75 KpHC. d3yvann samgHue Cf —252 HA NPOZOIKU-
TeJBHOCTH EN3HA, NepPUPEPHMUYSCKYX KpOBh, HacCTOTY H CKOPOCTH Pa3Bu-
THA OQOYXO/JSBHX ¥ HEONYX0JeBHX (OoPM OTAAJIEHHWX NOCIGACTBUl, Berm-
q¥AN JI50 ANA PA3NMUYHNX CPOKDB ONpeesANM METOZOM IpOCHT-~AHANM3A.
B cIyuae HEOOGXOZAMOCTY BHOCHAM IIONPABKH HA CMEPTHOCTH M 4acTOTY
COOTBETCTBYOHOI'0 MATOACTMYECHKOrO Npoiecca B KOHTPONE,

Pe3ybTaTH MCCHAEH OBAHMSA

Peagnbramu OMHTOB NOK833aIM, YTO NOCAS BHEYTPHBEHHOTI'O BBOAS—
HEA Cf ~252 NperMymecTBeHHO HAKAIMMBAETCHA B NEeYEHM M CKeleTe
(rada,l). MaKcuMarbHu#t ypOBEeHP HAKONNEGHHMA DAZYOHYRIWZR B HEUSHH

® BBEJOHNM DACTBODOBR BUTpPATA, XIOPMZA M LUTDATA OTMEuYeH 4epes
24 daca MocJe MHKODIOPALMM MB0TONA ¥ COCTABMA COOTBETCTBOHHO
63,0; 56,5 u 47,3%. AnA ruggooxucn MAKCHMYM HAKOINOHMA B NOYEHU
odaapﬁzen yepes I uac (75,7%).

PH BBEJIEHUA HATpATA BO BCE CPOKM ONHTA COACPXEHAE M30TONA

B JIeYoHE OHJO BHEE, UeM DY BBEeXeHUM XJIOpHjA ¥ LMTpaTa, JITO pad—
Iuq¥e YeTHO BHABJAHETCA BO BCe CDOKA ONNTA, HO OCOCEHHO peabedHo
BHpa®eHO HA 32 ¥ 64 CYTKH,

OZHAKO HECMOTPR BA HOKOTOPHe paA3J¥UYMA B YPOBHAX OTICXOHHMA
PUTM BHBEJEeHMA Cf =252 M3 NeUEHHM ZJd PACTBOPUMNX COJei ToRZecT=
BoHeH, PacTBopuMue coMB Cf —252 M3 NeuYeHM BHBOXATCR A3HO-C
Eenmnnﬂuun NepUOZSMA NOAYBNBEZSHMA DABHNMY B CPejHeM 2,47+0,09;

740,93; 43,445,0, Jonu axT4¥BHOCTH, BWBOAsmEHcA ¢ RAXAOK QasoH,
COOTBETCTBEHEO paBHH O,3; 0,53 u 0,17.

HKuEeTHKA HAKOMNEHUA DAR3HHX coleft Cf-252 B opramax mMeer
TAKES CBOM QCOUGHHOCTH,

Yepea I wac nocie BBOACHUSA COZCPEAHME B CKOJeTe pACTBODHUMHYX
coeMHeHUlt Cg —252 cocTaBuiQ II—§6 8 ypOBEHL HARONZSHXA THADO—
OKACH OHJ SHAUMTEIBHO HMEe {3,7%). llaxcunanzaoe COZSpRaHme (=252
Np¥ BBEJCGHMM CONG{ HUTpATa ¥ XAODHZA NPUXOZMTCA HA 32 CYTRH M
cocrapmer 30% OT BBOASHHOI'O KOIMYOCTBA, & LpYM PHOZEHEMM H3OTOMNA
B OUTPATHOM KOMIOJeKce — HA I6 cgwxn K cocraBiAe? 38,6%. MarcA-
MaZbHHA YPOBOHG HAKONNEHWA Cyp-252 B CKelleTe IIPM BBEZESHKHM NOMH-
MepHoff opun cocramnaer 18,I%%

Yepes 4ac nocNe BBEZE HAS gacrxopnuux coNoid COZepXaHM®
Cf =252 B ZeTKMX HO NpeBNmaer 3%, npyu BBeZeHWM NOIMMEDHOH dopwu
B JeI'KMX cofepxkrcA I3,8%. UYepes 24 daca eT0 pABIMYHE MIUESAOT,

B cele3cBRe® YPOBEHL HAKONNOHHA DACTBODHMMHX colgih (f =252
HaxoantcAd B npezenax I~I,5%, a mpu BBeJeHWM ITOJMMEDHOA (OPMH OHO
AOCTHIaeT 5,4%. BHCOKOE COZiepxan#e nomMepHoll fopmu cy-—zgg B
CeJle3¢HKES OTMEYANM KO 32 CYTOK ONNTA, B NOYRAX HAGIDAAETCR o0paT-
HaA KADTHHA: COJCPXAHWE (f -252, BBEJeHHOro B $opde pacTBODKMEX
colxeid, cocramier 5,3-2%, a ruppooxucu 0,6-I,24%.
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O0HApyZeEO0 OTHOCHTeIBHQ GOJee BHCOKOE conegmaﬁe OUTDPATHOID
ROMIIOKca (#-252 B wwmmax (zo 10%), kKoxe (Zo II%) depes 24 uaca
nocie BBeZeHWA M30TOomna,, CAMBA BHCOKAA KOHNOHTpanus Cf—-252 OTMe~
YoHA B NOYeHM.Yepea vYac nocle BBOACHUA H30TONA, JJAA DACTBOPHMHX
coneit oda Zocturama 7,8%, a ZAma nomuMepHoi Popum IO% OoT BBEACH-
HOl AKTHMBHOCTH, BO BC8 CPDOKM ONHT& KOBHOHTpAUHA Cf-~252 B I I
KOCTEOA TKAHM HEXOZMIACE ‘-HA YDOBHE ABYX NPOUEHTOB. MAKCUMANBEAA
KOHUDSHTpAalMH ABKTHBHOCTM B CHOJETe¢ OTMEYeHA HA I6 CYTHM onWTa MOpH
BBOZPEAM OHATPATA (¥ —-252%

BHCOKA KOHOESHTpamMa Cf-252 B. OMTOBHAHOA =xole3e, Yepe3 dac
nocie BBOZGHHA OHA CooTaBAmA 1,827 B MHENAX KOHOEHTPANMA U30TO—
Ia B NpEBHEANA BO Bce CPOEM onura 0,08%.

ONNT ¢ nmepopajibHHM BBESJcHWEM MPOBeZeH C A30THOHACINM pACTBO—
pon Cf =252, B OIOHTE HCTONG30BAEH KPHOH pasBoro Boapacra (Tadn.z2)

O0HapyEeEa OTYeT/MBAA 38BUCUMOCTH BelIMYMHH BCACHBAHMH
Cf =252 0T BO3pacTa, ¥ EDHCAT 7-AHGBHOr'0 B03pacTa BEJIUYRHA BCA—
cHpap®A cocrariaAer I,I-I,6%, B Bo3pacTe MecAma 0,2I-0,25%, ¥
B3pocaux 0,I4~0,I17%.

Peaop&nposam{aa Zon? Cf-252 B OTHOCHTEABRHO OGOABMUX KOJIMYIE—
CTBAX OTKIRANBAGTCH B CKEIETe, JOAA H30TONA B CKEleTE ToM BHIEE,
9eM MOIZCHKE MMBOTHHE, TAK ¥ HEeJIETBHHX KDHC B CKeJeTe coﬂepmmocs
or 8C zo0 90% pasogdnponammro Cf =252, ¥ MeCAUHNX OF 64 jo B86%,
a ¥ B3DPOCINX OT 48 A0 64%.

PeByAbTatH BHCIEPUMEHTOB 10 OHOXOTUYECKOMY ASKCTBUD CBUAS-
TEIBCTBYRT O BHCOKON TOECHYHOCTHM Cf -252,

7 NPOAOIEMTENBHOCTE EA3HM KPHC [PH BBRAGHHU (Ff =252 B
Aose O, ¢ /T He OTIMYASTCR OT KOHTDONA. B KOCTHO{ THAHK ¥
HEYeEM OTHUX EMBOTHHX AKKYMYAMDYDICH JZO3H MINYYSRMA DABHNE, COOT-
BOTCTREHHO, 257 M 30 pai.

BemMumHN OCTPO (ﬁw/so - 0,0I2 we/r) u nogocrpo (JNASO 60 —
- 0,011 /ua/g% aDPeKTHBHNX Z03 IpH nmgsguu Cf =252 OZMHaKOBH, &
XPOHHYSCKH wrusane (ME50/360 - 0,006 2c/P) muxe ux, {lo BOXw—~
YHAM OCTDO- RTHBHNX 03 Cf =252 TOHCHYHeE ZApYTHX TpaHCYypaHO—
BHX BJEMEHTOB: Pu =239, fm 241 B Ce =244 BesuyuBu Il5 £3o fibie;
KOTODHX pPaBEM, COOTBeTCTBeHHo, 0,06; 0,11 u Q,I1 w/T ? s Uy 5).
JRa384ENE PA3NHUNA B TOKCHYHOCTH TPAHCYPAHOBRX 3JICMSHTOB HAU(O-
Jee OTUETIMBO BHRABJIAKTCA NP CPABHEHUM BeIUMUME OCTPOsddeXTUBHEX
A03. XpOHUYSCEN at?aemmuue ZO3H (31215%360) AN Pu- gﬁ 011

¢/ry n A=-241 (0,0l »¢/T') B ZBa Da3d Hu®e, & AUA Cm- ik

0,0044 ~C/r) MpakTHYeCKW TAKME Ke KaK ANA Cf —252 80,0055 Vil
PHUMEH Gonspme i sdPexTuBHOCTH Crf-252 npu BBeZeHMM OOXBMUX A03
HE FICHH M NOZJCXAT JaNbHEHMNONY H3Yy4YEHHMD,

JuHanuueckre HAOMOZEHMs 38 COCTABOM MepUPepHUSCHOt KDOBM
IOKa3aJ, YTO NPH BBeAGEHK Cf-252 B A03aX pPaBHHX R BHME 8,004
40/ y EMBOTHHX P83B4BASTCA TUNAYHOE A8 AYyUeBOIC 3afoNeBAaRNA
yIHeTeHME OPTAaHOB KPOBETBODERMA, HAWGONEE OTYSTIMBO BHpAXESHHOE
Ha 7-28 cfwu (no:a% B KOCTAX ~ 35-125, neyeru ~ 90-177, cene-
30HKe ~ [8-65 pax) noche HMHKOPRMOpauUM M3orona, CreneHs yrHeTe-—
HUA KPOBETPODPAHUA 38BUCHT OT KOJMUYECTEA BBEZeHHOI AHTHBHNCTH H
Cpoxa HAOKDAeHUA, [[0 cpaBHeHAD C ACHCTBUEM DRAPICHOBCKMX M TaM-
ua-nyvelt (5) NeRKonedud, BH3BAHRHAA Cf =252, XApaRTepUsayeTcs 00—
nee MeneHHNM PA3BATHOM, OTHOCHMTEIBHO CONBUUM YDHETEHMOM MUOJO—
10338 ¥ MeHBUMM NOJABICHMEM MMPON0D3a,

Jo pesyarTaTaM TI'eMaTOHOTHYSCKHX WCCIEAOBAHM{ OLGHEHH YDOBHH
703, BHSHBADOAX YMEHBENGHHE KOIMYECTBA NeHKOUMTOB, MMPOUUTOR,
HeTPODUIIOB B DPUTPONUTOB Ha 50% Ha 3, 7, I4 ¢ 30 CYTKH,

BesmyuAH 5(0% Ba 7-30 CYrKM A Ne}KouMTOB, JMMOUATOR H
ﬁenmgc@mon OK838JIMCH MPAKTHYECKH OFHBAKOBUMM M B CPeZHOM DABHH
0,015; 0,017 w 0,018 wc/r, a gum spurpousros 0,048 wc/r,
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lo oroMy NOXA38TeND BPUTPOUMTH NPUGIHM3NTEALHO B 3 pasa Conge
ycTo#iquBH, M3MeHeHMA B KOJMYESCTBOHHOM COCTABE JEHKOLUMTOB, IMMJO—
[IATOB M BPHTPOHMTOB B TeuUeHMe NEPBHX ABYyX HOJOAEL ONHTE OTCYTCTBY—
0T IpH Bnegennn CfF-252 B Z0o3axX paBHuX ¥ mume 0,002 ~¢/r (Bosa
B KocTsax 37; B ceneaenke IS5; neuemw I5 paz, a B caydae HefTpodu-
J10B HHH A03aX paBHHX M HIES ﬁ,OngEC/r

pu Fo38x, paBEHX {,00605~0 /~c7r, W3MEHEHAR B COCTABE
nepuepryecKoit KpOBX QTCY?CTBYDT HA NpPOTAXeHAM 16 MecAueB HAGKD-
ZAcHuA, [[pH BBeZcHZM YRKA38HHHX KOMMYECTBE H30TOna B KOCTHOX TKAHM,
nmeveHu, MOYKAX M ceNe3eHHe 33 16 MecsAnes annyngnnggnwca goau
%gf%ggana, paBHHE, COOTBETCTBEEHO, I29~I030; IS5-II9; I4-58 n

8.

B annuxe CPOKH ¥ CAMOK KPHC g&aBHB&DTCH ONYX0JM¥ MOIQYEHX
Z0JE3, J EPHC, 3TPABIAGHHNX CF-252, ONYXQOJM MOIOYHHX XsIle3 OCHA-
PYEABARTCA B onee PAHHEWG CPDOKM B B CONBHEM MPOLGHTE CAYY8EB, YOM
Y KOHTDOJBHHX EWBOTHHX, [Ip# Bneﬁeaun Cf =252 B Zose O, c/p
NepPBHE ONYXOI¥ MQIOYHNX XeIg3 QOHADYRMIM uepela 4,7 smecAua (y
B3 19 mBHX KpHC), gpn Ao3e G,004 ¢ /r uepes 5,1 Mecana {y 2 mu3
50 xpuc), ngg Ao3e 0,002 ¢ /r qepes 4,7 wecAua (y I #3 82 KpHC),
nmp¥ _zo3e 0,001 ¢ /T qeﬁea 7.5 mecaues (y 2 ¥3 74 xpuc), opd Jo-
ae 0,0005 =~C/r qepes LU mecAnes (y I us 6I EDHCH) ¥ B KOHTpOIE
qope3 7,5 MecAueB {y I mM3 56 KpHC),

Ha puc. 1 npuBefieEH ASHHHE O CPOKAX OCHADYEEHMA Omyxoisef#
MONOUHNX meZe3 ¥ 10% KpuwC. B XKOHTpONe YHA3AHHYD YacTOTy onyxoneh
MOJOUHNX XOJE3 HAOIDAATM uepe3d 16,6 MOCAOEB, NpU BBOAeEMM Zx-252
B zozax 0,0005; 0,001; 0,002 O, u 0, M'=Dy COOTBETCTBOH-
E0, Yeped II; §; iﬂ; 8 u'4,7 MOCAla, 34BRCHMOCTEL CPOKa NOABISHHA
ONYXON2 4 MONOYEHX REeJNes Y itﬁ KPHC 0f A03H CrF=252 B NOJIHOM JO—
rapuQuudccKOM MacODTale KMeeT IMHeHHmE XapakKTep. Bpema ofmapyxze-—
HAS ONYXONe{ MONOYHHX Zeaead y 10% XOoNTpoAsHuX Kpke {( 16,6 MecA-

8B) COOTBEYCTBYST CpefHCH# NDOACUEATENBHOCTH EUBHM DTUX HABOTEHX

16,8 Mec, ). JKCTPAMONXPOBAHHAA U3 DHC, 1 A03a (x~252, Koropad
Ho NOBIMAEST HA CHOBTAHHYD YJaCTOTY ONYXOJeil MOAOUENX Xe7e3 A CPei
HOD NpOAONEM TeNIBHOCTE XWBHU HEHC paBEa 0,0002 s«/r, lipu nopaze-
HUM XABOTHHX BTO{f 030 Cr-252 338 BpeMA XUBHE KDHCH B CKelleTe
aKRYMyRUpyeTcH MOIMIONeHHAA TKaHeBad Zo3a paBHad ~~ I0O0 pafi, a B
negemn I2 pan.

PeayrsTaThH QyTOHCHHR NOXKAB38IH, UTO I'MOelh EMBOTHHX B OCTpOli
CTaZUE MHTOKCHKAIMH (Z0 30 CYTOR) HACTYyM4eT B peayJibBTaTe ANIA3INR
OpraHOB KPOBETBODEHUHA, DA3BUTUA PeMOPDPATHUYGCKOT'0 CHHEZpOME H
HEKPOOUOTUYECKAX HADYEOHUE B Nape EXMMATO3HHX OpPraHaxX.

BeAyEMME B KAPTHHE OCTPOI'0 JAYYSBOI'0 MQPAROEMA CfF=252 ABIA~
DTcA HAPYNEHHA KOCTHOMO3TOBOTQ I'eMON0B3a, J BCOX KpDHC, IO B
mx Cf~-252 B komuecrre 0,064-0,008 ~2/r u paBmux Ha 9-IL cyr-
K¥ (Z0sa B ckeneTe 9I5-52() paz COOTBETCTBEHHO) KOCTHH{ MOBD
OyCTONmSH, B EMOMOKDOBAHHOX OPHUTPOUMTAMH CTPOME KOCTHOIO MO3Ia
¥ 9THX EMBOTHHX DPACIONATAJHCE €ZAMEMYHNE KPOBETBODHHE KIOTKM Heo—
OWYHOI'O BUZA - (0JNee EDYNHHO, 96M OOHYHO, Ca3OPMIBHHE K XpoMATO—
%nnsuue SPUTPOOIACTH COASPEANM UBCHTOUHOS EOAUYSCTEO IMTONNABMH,
co MHD£H§ 9puTpodaacTax HAGCINZANACE ILNAIMATHIAUKA HUTOMNAIMH

p“c. a jw.

He OOHYHO KpYynHHE KIETKE MHEIOMZHOT'O PAAA NOJIATOBANBHOR N
HenpaBUIBHOR %gpuu UMENH HOOZHODPOAHYN OHUTONNA3MY, IAE CPEAM
OONAKOBUAHNX 0830QUABHNX KOMIJIGKCOB PACHOJATANMCE clAaloKCAPMIB~-
HHEe yYacTHU, KpynHue siipa OTHX KIOTOK Oni¥ OIM3IKH K AZpAM IeMo—
MUMTOONECTOB M MUeN007acToB, OTAeNbEME fZpa MMeJM B060BMAHHME HIH
naroYKkoo0pa3Hoe CTPOeHAe, BCTPEUAMCH MMTOSH C MOCTAMM, TpPEXIO—
JIOCEHE® MHTO3H, OCMMM 478 BCeX 3THX HOBOOUpA3OBAHANX KAETOK OHWI

120



AMCCOHAHC B CTOIEHA 3pedOCTH AApPA M OUTOMIAIMH M KDYTHHE paa3MepH.

Y xpuc noayuuBmmXx 0,016 ac/r CF=252 ¢ TOUEHHEM BDPOMOHEM
KI6TOYHOCTEH KOCTHOPO MO3Ta BOo3pacrana 3a c4eT QopMMpcopaHus BHme-
OMACAHHHX MueNoO0JacToB. K IS fHD B KOCTHOM MO3I'® NOABAAINMCH METa-
MMEGJIOOMTH ¥ NeI'axapHoOuMTH, HO MEOPMEe M3 HMX pacnajaluchk, Bee
PHEGK3IOXCHHOO CBHASTSABCTBYST HO TONBKO O KpaitHe i HRNDAXEHBOCTH
BOCCTAHOBAGHMA KOCTHOMO3I'OBGI'O MWENO H 3PUTPONOS3a ¥ EMBOTHHX C
OCTPHM NOpPAXSHUSM CF=-252 CHMSHMM N0 TRAY K DESKTHBHOMY DOTHKY-
Nn63y, HO ® 0 AefEKTHBHOCTM M HEHOJNHOLNSEHOCTH DONAPAUHH MHEIONOb-
38 ¥ B MOHBODS CTENEHM IPHTPONOB3AS

HocTHOMOBIOBAs HEAOCTATCUHOCTH B OCTpoil ¢aze mopamomuf
(¥ -252 HE HKYOWPOBANACHh CeJIo36EOYHNM KpPOBETBOPSHHEM, TAK REK Co-
JNG36HOYHH I SPUTPO M MMOJIONCD3 ¥ EMBOTHHX~HOCETeIeft ocrposdderTHs-
HHX KOMMYEeCTB =252 B TeqyepWe nNopBux 30 AHOU OTCYTCTBOBAX,
IvMQouZHNe PONTMKYIN CENE3CHKM Y STHX EMBOTHHX OHIM ONYyCTONCHH,
B HMX COXPAHANNCE JMWNE HOHTDPAJNBHHE ADTEPHE M HOGOIBNOE KOJHVeCT-
BO MAINX JWMPONUTOB, KOHUSHTPMYCCKH PACIOIOXSHHHX BOKDYT apTepux
HE PeTHRYAApDHOM Kaprace (Jormmryna. MEHorne ImmPooMTH DPRCNRARIMCE.
i TOUHAR NONYJAAUMA KPRCHOH OYABIN OHua NPeACTaBlIcHA peTHEYIIp—
HuMM KICTHAMY, HACYXHEMM SHJOTCIMEM CHHYCOB, M'ACTHONATEMYM H MHEO-
ESCTBOM MaxKpoparoB ¢ TeMOCHASPHHEOM.

Pearunf NApeHXAMSTO3HHX OpPIAHOB B oCTpoi fdse mOpexeHHsA
£F =252 X8paKTepN30Baiachk HEKPOOKOTHUGCKMME H3NCHOHHAME B COYSTE
HMM C NMPOABICHUAMM DEI'€HEPATOPHNX TPOHEcCOB. ¥ 9 us 27 mozonuT—
HHX KpuC {33%) B TeucHue nepeux IO-I5 cyTor HApAAY ¢ ZMPdy:sHuM
MU3ACOM OTFACABHHY NMOYeHOUHHX KJI6TOK DA3BMIMCH OYAI'HM MMKDOEEREDO~
30B B HEHTPANBHHX ¥ HHTEDMEAHMADHHX 4YaCTAX AOIOK K HMHTOHCHMBEOS
KDYOHOKANENIbHOS OXMPDOHAe IeNaronEToB B NepHiepHYecCHAX OFfigiax
A0NEeK, PasSBUTHO HOKDOZIOB PUNOKCHYSCHKOH OPHPOAR NpeZueCTBOBAIM
HUPKYAADHNG HApDyweHUsA B BHJAS Pe3Yaiimero DACHMPOHMA NEHTDAABHHX
BeE M KAIMAXADPOE NEHTPRIBHOY YACTH AONBKH M ClIA3Ma BeTBel# noye—
HOYHOR apTepuM B NECPUNOPTANBHNX HDOCIOHKAX. B ©TH E6 CPOKK Opo~
ABAANCA ROIMMOPPUSM NMOUOHOUHHX KJASTOR — INOABAANMCH HISTKH HPYyI-
He® OONYHNX I'@naToUNToR ¢ CONBIMM AAPOM.

B nouxax, HADAZY C ABIGHAAME NOBPEXACHKA CTDPYKTYDPHHX BISMeH-
TOB Oprasa: NHMKRO3 AZeP SHAAOTEAMSA agwepnﬁ, paspHXi¢HAE CTOHOK,
BAKyOJMB3anuAd MHNETHHX KACTOK apTeDHi, NepPHBACKYIADHHO OTEKW, pea-
KAf I'HNOPeMER BeH, CNAJZICRMe NETelDb KaMMAJAPOB KAYO0UKOB, YBONA~
yoHHE NPOCBOTOB COYMOHOBHX KalcyX, 3ePEUCTOS NepepOEAcHHE SNHTO—
I¥A WSBUTHX KAHANBLOEB, K 9=22 AHO HAOINZAAMCEH NPM3HAXM BoCCTa-
HOBJIEHHA SIHTOIMA M3BUTHX KAHAJNBIEB, O UGN CBHUAETEIBCTBYET [OAB—
JEHUE MHOI'OAZEPHHX HKIOTOK B M3IBATHX KAHAKBUAX H XJNOTOE C HEOOHY-
HO K] SADS M,

SRKIIHA BHAOKDHMHHHX OpraHQB (MMTOBMAEOK K NapamuTOBMAHOM
XSNE€3, HAANOYEYHMKOR, AWUYHMKOB) XADAKTEDU3OBANACH HADYWOHHSMKA
EPOBOOOpAWE ENsl — PACIMPEHVEM B NONHOKPOBHEM BEHOSHEO-KANMINADHOH
COTH, KPOBOMBMMAHUAMY, OTOKAMU, B NapeHXMME BEAORPYHHNX OPTaHOB
B 0CTpod (ase NOpaXeHNd HAGADZANACE YTUIM3IAmAs FOPMOHOB 003 HX
BOCNIPOUSBOZCHAA, Tak, HANDUMED, UWATOBMAHHE ZOSASSH ITHX REBOTHHX
COCTOAJM B OCHOBHOM M3 MEIKHX ionnnnynon. BHCTNAHHHX EWBHEM Ky-
OMYECKHAM SMUTYOINEHM, HE COAEPEABUMX HOLNOWAS, B HAANOYEUHHKAX
I'unepTpoPUpOBAHEHE KOPKOBHIE CJOE COCTOAN MPEVMYNOCTBEHHO M3
ORHOPOZHHX HIESTOH C MEIKONMOHMCTOH IHTOMIA3MOH,

Xposnueckan $asa mopaxemus Cr 252 (Zosu 0,016-0,008 «o/1)
XApaKTEPU3OBAJACh CRIGPOTHYCSCKAME MIMOHOHMAMK BHYTPUODIAHHWX
apTEPHANBHENX BOTBe{l, DDEUHPPOTHUSCHUMME M HWDPOTHUECKMME HIMOHO~
HUAME TIEYEHH, COCYZAMCTHM HEPPOCKICPO3OM DA3HOH CTENEHM BHDAEGH=-
EOCTH, THNOMIACTHIECHUM COCTOAHHMEM KOCTEOMO3SI'OBOTO KPOBOTBODOHHA
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C ATHOKIMOM poreHepaudaM ¥ o0pasORAHMEOM ONYX0J6K KOCTHOR M KpopeT-
BODHO#f TKABH, ONyXOIef NeveHn, NOYOK, MOJNOUHHX ZoJNe8 M BHIOKDHH-
HNX ODPI'AHOB,

KOCTHOMOSI'OBOI0 TeMON0938 XABOTHHX C XPOHHYSCKMM nopa-—
XoHNeM CF-252 XapaKTeDHA MERBHAf, Y6M B HOpME, KAOTOUHOCTEL IOMO-
103328, B KOCTHOM MO3Te YCDPOAOBANKHCE TUNOMIACTHYOCKME OYAIH C
HO3pOIHM MuenomoasoM ¢ oxycamu Gouxee 3pEAOr0 MUSJONODBA M KOM—
NAeKCAMUd B03WHOPHIBHHX KAGTOK {puUc, 20,3), QuaroBue npoxmdeparTs
13 303MHOPMABHHX WISTOK BCTPSYAAMCH HO ¥ BCEX EMBOTHHX.JpPUTPO—
093, NPSACTABIOHHHY OKCUQUIBHLMY SPHTPOCIACTAMM M HOpMOONAOTAMA,
HOCKOABKO NPEBHEANL MUEJION033.,

ATHIHSM KOCTHOMO3T'OBOI'0 MMOJA0N0I3a §¥ KPHC C XPOHMYECHEM
Iy4YeBHM NOpaXeHUEeM CF~252 XaPaKTeDH30BAJCH COYSTRHMOM HEOUHIHO
KDYNELX {0COGEHHEO Afpa) ¥ HeOOHYHO MENKMX HIeTOK, AMCCOHAHCOM
MEEAYy CTGNEHBD 3DEJOCTA AAPA K UMTONAA3MH (0 LATONNABME KISTRK
COOTBOTCTBOBAIY MOTAMASJONKTAM ¥ IoiKonWTaM, 8 nO AAPY NpoMHeIo—
OUPaM, MHEJOUMTAM HIM MHEJIOGIACTAM M HAOG0POT), pASPHBOM MOELY
Bpe MMM M HE3DSJHMM KJIOTHAMM C OTCYTCTBHOM IPOMeXyTOUHNX Qopu
(puc, 2r), yMeHSbUEHMEM KOJMYECTBA MEI'aKSDUOUHATOB M OCMIMOM Kle-
TOK C THNEPCEIMEHTHDOBARHNMY AZpaMMl,

Ha sH@EsondcagHoM $OHS KOCTHOMOATOBOI'C I'eMON0288 IIPM BBOAS—
HUK CF =252 B gozax 0,016 u 0,008 ~</r y 3 us I2 upuc (25%)
pasBuacs $uOpos KOCTHOrO Mo3Ia, ¥ 42% KIBOTHHX COOpMMPOBALOCE
NpeAACHKEMMYESCKOS COCTOAHAO C HANMUMEM  Ayaber Luwcomicus U O0H-
AXeM 203UHOJMIBENX HIETOK C AADAMM MUONOGAACTOB (pPHCe 2B), J 2
u3 I2 xpuc (I17%) Ba BRIACA Myenonefiros, y I (8%) ~ spurpoSiacros
K y OBHOA KpHCH ( %3 XpOHMISCRUN JMMPONe#K03,

WBSASHHHE BHEE JRHHENG CBHUJASTEIHCTBYNT O HADyUWEHUX nNponec-
c0B AMOPOPEHUUPOBKY MMSHOMAHNX KISTOK KOCTHOI'O MO3I& HPH COXpaH=-
HOCTH MX NpOM@epaTHBHHK NMOTeEuMil. B OCHOBe 0coCeHHOCTER KoCTHO—
MO3I'0BOI'0 XpOBOTBOPEHMA B XPOHMUeCKOK daae nopameruit Cr-252
DOMMMO HENpPEeDHBHOT'O IPAMOIO AEHCTBMA M30TONA HA NOMYJIANUM KpPO-
BETBODHHNX KJSTOK JEEOIM ¥ COCYANCTHE M3MOHOHHM,

50% HpHC C XPOHMYESCKMM JIyUoBHM NOpAXSHUEM HMEN MSCTO
BETONMYECKUt PEMONI0D3 B CONE3CHKO, NMOvYeHA ¥ meiHnx mMuboysnax.

Y HpHC ¢ XPOHWYECKMM AYdYeBHM ropaxeHieM JuMonoss B imudbarmyec-
KUX y37MaX OCYMECTBAANACA C HEKOTOPHM HANPAXOLWOM, O UOM CBHAe~-
Te IECTBOBALO NPEBAIMPOBAHME® CONBEAX JUMOONETOB X MMMbOGIACTOB

B POILIMEYIZX,

Cene3eHKa, 3a MCKIDYGHUEM CAYHYaoB JefiKosa ¥ CAYYaeR C METOH—
CHBHENM HE3DeJHM KOMNEeHCATODHHM IeMON0330M, KAK MpaBRAQ, Owia
grpofuporaga. CTPoMa ee BO BCOX CAYYAAX COZSPX&Aa MACCY MAKPO-
$aros ¢ reMOCHACDMHOM, YTO CBMASTANBCTBOBANO O IOBHEEHHO[{ ItGe-
J¥ SPHTDPONUTOB ¥ QHOMCHBAOMHX EHBOTHHX,

B XpoHUMUeCKO{l $a3e MopaxeHusa CJr -252 HAGMOZAIMCH IHCO
OpeiMPPOTHYECKIEe UM3MEHOHEA NEYSHH C I'HCe BN KOMIISKCOB MOYeHOU-
HiX RICTOK BCHAEACTBHE Dpesdaliilierc OEMPeHMH HJM HEKDO3, C paspac-—
TAEMEM COGZMHNTEJBHOR TKAHM, DPA3IUYHLMM QOpMAMY peleHEpanuu I'e—
NaTouMTOB, NOPHIOPTAIBHNM CRISDO30M, JMGO BHDAXCHHHK HOCTHEKpPO—~
THYSCKHY Huppoa neqeﬂnE% 4 u3 I2 KpHC) © JopaMEpOBAHMEM peresHe-
PATOPHNX ageHoM (pHUc, 38) M XOZAHTMOM. OCOOSHHOCTHD pEIeHepauuu
NedoHOYHO) NapeHXUMH B 3PTHX cIyyasx ABAASTCA OPCYTCTBUS ZOJABKO~
BODO CTDOGHMA ¥ MO3AMYHOCTE HOBOOOPAa30BAHHOE TKAHM, COCTOAHSH
M3 KOMIJIGKCOB KJOTOK PA3JAYYHOI0 KauuGpa # ofpa3oBadie Ienarouu-
TOB C HOCHOJNBEMME ffpamu (puc, 30), a Takss IeNaTOREINNIADHNX
CHMINACTOB, B I'cHe3e qUppo3a NeueHH OonpeAeleHHYD DOLB KIDIEM

BHAYANE CINAsMH, 4 3aTeM CEASPOTHUSCKEE M3MeHEHUS BeTBeff NMoyeHOY~-
Ho{t apTepnn,
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AHATIOTMYHEAS DEAKIMA HEMeja MacT0 M B IIOUKaX, I'Zie § BCEX
KDHC X RBYXCOTOMY AHD ¥ [103E¢ BOIHMKAN He(dPOCKIEPO3 COCYAMCTOIO
TéHc3a pal3luvHOli CTeNeHE BHpAaZeHBEoCcTH (puc, 3B), HeoOXoZAMO nOZ~
YepKEYTh, YTO HA BCEX 9Tanax fopMupoBAHHA HeDDOCKIEpPOSa B Ka-
HaXbUAX MOYEK OCYMeCTBIAAJACH pPETSHECpANWd BOMTOIMA C $opMupoBa—
HHEM KPYNHOAZEPHHEX M MHOI'OAZEDHHX KISTOR (puUc, 3I).

B DETOBHAHO) Eelle3e¢, NEPANUTOBUAHOU EeJese, HAZNOYEYHHKAX
H ynofmae B XpouMuecKoi# (¢ase nopaxeHwA HA QOHS YrHeTeRUA QyHH—
qUOHAIBHOA AKTHMBHOCTK (OTCYTCTEME KONLIQKZA B IMTOBUAEON =enese
NapeHXUMa®03BaA MepecTpoika ee ¥ T,.XM.) LAa npomdepagud HOBOOS—
DE30BAHHOTO JNUTOJIAA, POPMUDYNEEI'0 OYAT'OBHO IMNECPHAASHE H
aACHOMATO3HNE Y3CAKA.

Taxun o6pasom, B XPOHMYOCKOH CTAAMM MOPAROHHA Cr-252 ZnA
BCEX MIYYOHHNX cHCTeM OCHMM ABAAOTCA CHUECHNE M MCKaXeHHE nn@ﬁem
PEHOMPOBOYHKX HDOTEHOUY KIeTOK C COXpAHERMEM WX npomm@epaTHBHO
CNoc 00BOCTH , ocgmecmnnﬂmmeecﬂ Ha PoHE HEZOCTATOYHOCTH M zederT-
HOCTH COCYZAMCTOM CETH M CKIEePOSHPOBAHUA COEZMHHUTEABHO}) TKAHY,
OcymecTBAeHME pEeTreHEpATOPHHX NPOLECCOB B ITHX YCIOBHAX peasud’y-
€TCA BCEME CnocofaMu, NpHCymUMu (U3UOIOrddecKoil pereHepauuyn ¢
ACMMEMPpOBaANeM ABACHUE MMOJMIIICHAY 38NN,

TanepniacTHdeCKRe NPOLECCH HACHDAANM B MOIOYHOE H mapamuTo—
BMAHOA Eele3zaX., Y 9acTH KPHC, MABONX B OTZAJNGHHHE CPOKM, OCGHApY-
KeHH DA3JMYHWE BOCHAMMTEJBHHE NpolecCH: CPOHXONHEBMOHHA, OpDOHXO—
BKTATUYECKAS GONSSHB, PHO{HHI OTHT,

OnyxoneBuwe OPMH OTJAIEHHWX TIOCHOZACTBHR OHIM NpezCTABIEHH
HeBOOGP230BAHUAMA MOJOYHHUX Xelo3, KOCTe#, NEeTKRAX, Ne4eHd, NOYGK,
HRANOYSURMKOB W Idimojusa,

Ilpn BBeZeHMM C¥-252 B posax 0,008; 0,004; 0,002; 03001 y
0,0005" ~¢ /p cyMuMapHaf yacToTa onyxoxae g HC, MABLMX focIe
200 CYT0313GOGT&BHHEE OOTBETCTBEHHO 54,5% (¥ & ua II KPHC ),

36,0% ( u3 36 Xpuc), 5I,7% 28 ua 54 Kpuec), 53% (y I9 us3
36 x ucz n28% (y 9 ua 32 Rﬁﬂc)sya B ROHTpong 8,3% (y £ us I2
KpPHC). UYame BCers pa3BMBAJMCH ONYXO/M MOJOUHHX XEelie3 M KOCTei.

OCcTeOCADKOMH MOKAJU3IOBAJNMCE B DA3NMYHNX KOCTAX CKeJeTa, HO Npou-
MYyHECTBEHHO B Oefpe. lIpuM BBeZeHHM C¥-252 B xosax or 0,001 zo
0,008 ~¢/r ¥ 127 wpyc, nmapumx mocle 200 AHA, OCTBOCAPKOMH
pasBumch y I8 Kphc ?1&,1%3 MOCJe AKKYMYyIRAOWRM B CHelleTe K MOMeB~—
Ty ™®OsaM NOTAOMEHHHX TKAHOBEX A03 0T 434 zo 3,240 pazi Cpemuss
NPOAOCIRATENBLHOC TS EMSHN KDHC ¢ OCTOOCADKOMAMM 3aBMCEIA OT BBe—
ﬁeﬂuoﬁ AXTRBHOCTH M npu BBefeHWM M3oTonma B gosax 0,008; 0,004;

002 ¥ 0,00 m¢/r cocTapiaAia, OOOTBETCTBEHHO, 366; 343; 441 1
483 AAA, 8 MepBHO CAyvYyaR IMOEAX KDHC C OCTEOCAPDKOMAME IIDH BB&—
JEHUN YHKA38HHWX Z03 U30TONA HAOIDZAAM HA 322, 329, 386 # 392
CYTHU.

PesyunsraTn paloTH NMOSBOIANT ONSHUTE YPOBHM 208 CF =252, He
BAMARIME Ba CPEAELD NPOACIEMTENBHOCTD EM3HM ( % /#2[1),
KOJMYeCTBOHENR cocTas opurpounTos ( <€ 0,004 ,we/r), NeiKonuTOR,
IUMDOLUATOR W ﬁe?rpo%nnon (< 0,002 ~¢/1), IOABIEHAE ONMyXoIeil
MonoyHux ®ezes ( < U,0002 < /r) M 0CTOOCADKOM.

B sakimueHus cAcAyeT NOZUBPRHYTE, YPO0 CF —252 HIOUpATENBHO
OTKIAZWBAOTCR B NCYGHE M KOCTHYD TRaHb, B 0TMuMe OT ADYIMX
TPAHCYPAHOBLX BJGMEHTOB OH 06hajaeT Ooabmef PTOKCHYHOCTED H
o0yclaaBnUBaeT GoJloe BHPAEEHACE ¥ AMATEIBHOE HApPYIeHME BOCCTAHO—
BHTE IBHHX NPOIECCOB,
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JoASAES MAS KAINJO[MEA—Z52 B OPTWHAT B TXAMRY K|
A12820KEK MAOTEORDE PARRNNRE 00 2

Tadzana I,

PN TOCAS PEYTRAVARASTS
] 0 )

SpImE, H L LEOXN MICRACRANNN, OYTIH. .
THALS H L] I B L) 3 [] 3 I5

T 12 b
wpome 1% 22,3458 LMD 0,7.0,0
2 12,840,6 IL602  O,m0I
1 9,82,9 0,001 -
b 2,280,5 0,540,1  0,500,I
Reveus T 43,8203 £4,0ehT #,285,0  32,222,1  II,3¢5,9 8,942 5,3:1,2
2 3,Oph, b 56,59%,2 3%,2e7,7  34,542,86 20,2356 3,580,2  2,3¢0,0
3 35,845,5 W7,049.6 25,5¢1,2 I5,Ixl.6 12,5l 3, 740,8  2,u0,5
b5, Tek, ) Sk DE3, 1 83,285,7  II,%e3,0  I5,533,7  6,442,2 2,620,
LRS- 2,540,3  2.620,1 5,6¢0,8 1,830,2 OGS LIl 1,9s0,1
2 A240,7 352 2,702 Dot RO, I 0,736, Ol D
3 5,531,2  w00,3  5,9e0,5 2,50,2 1,680, 1  I, 20,2 0.8:0,0
[ 0,630,0  I,3N1 Lyl I 1,088, 5 1. 0e0s O78G,E 0,420, 1
Coke- I I1,2e0,0  I,Ta0e2  I,3#0,0 I8, 0 O30 I,580,5 IL,2g0,2
TR 5 1 oe0,2 IaChI 0,540,2 L7g0d LOg0,1  0,740,2 G, 740,2
Y 940,20l 050,72 60,0 80,0 0,540,80 Oy M0.0
& 4,621, 0  3,E20,%  5.A40,5 2,081,2 2,950,7  0,7¢0,3 I 040,4
Tarwwe I 3,0¢0,2  O,420,0  0,340,0  G,220,0  U,Ia0,0  G,280,0  0,Ig0,0
2 3,207 0,520,2  D0,58C,0  0,630,1  @,24C,0  0,I30,0  0,Ix0,0
3 L2§0,2 Oyl Ligh, D 0pe, 0 %200 0,280,0 G Ip0,D
& I3,641,3 050,01  0,540,0 0y30,0  Cu0,1 0,230,0  0,130,1
Teemrr 1 II,I30,7  I5, 085 20,%30,5  26,13i.3  IT 9.3 29.645,7  of,Is2,2
2 L2,652,%  22,522,3  21,332,0 25,Ipl,5  28,5tl.6  3o.4pR,v 27,041,7
5 I6,I3I,0  24,63%,5 19,631,B 2%,835,6 36,612,1 3a,747,}  26,641,8
4 3,740,3  I0M0,% I8, Ie2,4  [6,684,0 I18,084,0 Is,632,0  I15,645,0
W L 8,380,570yt 2,630,000  L.Bg0, I LMD 6 2,006 3,080,7
¢ 5,580,6  Z7t0%  a,Igl0 2,15 30a0,3 L9gD,5  I,M05
3 OI0GEd  3,68L,0  6uply5  Seupl6 5,535,2 MO0 2,710,3
* 5,620,5 300 1,540,% Fy0g1,9 By Q0,0 - -
woma 1 4,780,8  3,740,9 2,840,004, Ipd,%  LAH0 G 2,440,6 -
2 542308 4,T20,5 30,8 2,730,6 2,280,1 - &,31
3 6,204 I7,060,7  ID,2p2,% Sykgl, 2 I,00 3,7+0,7 %, [30,7
A 5,100 »,040,7 - 5,045, 0 - - -
£ 1 - wntpme, 2 - xtopna, 3 o, & - reapookecs,
Tatauue 2
CozepEAiMe H8JIAJOPHUA-252 B ODraHaX KDNC DA3NKYHODO
BO3IPECTA TOCHE NOPOPATRHOPD BBSZEHHMA pACTBODE A30T=
HOKHCNOR colk M3oTona
(% DBEAEHHON AHTHBHOCTH)
Opras : Bpeus nocig BReZe HAA
: I cyTin H 4 cyTee 8 cyrin
Boapac® KpHCAT 7 mheH
1. Nerkue 0,015 $0,003% 0,005 $0,0007 0,0034+0,00I3
2. Ceneseuxa 0,0053$0,00I12  O,004630,0008  0,003840,0003
3, idevyeun 0,070 10,020 0,045 $0,0034 0,02I 40,002
4, Toyxd 0,043 40,012 G027 $0,00I2 0,033 40,005
S. Cxenet 0,538 $0,I30 0,710 $0,018 0,460 $0,062
Boapacy wpucAT 30 zHe
I. Jerxue 0,003740,0014  0,00I840,0002  0,002230,0003%
2. Ceneasena 0,0028+0,0006  ©,001540,000I  0,00I64C,000I
3. leususd 0,27 40,0013 0,013 ;D,LDI# U, 006740, 0008
4. [ouky 0,012 0,004 0,0053$0,000I  (,0023+0,0002
5. CrexeT 0,u?9 40,015 U,088 #0,0074 0,072 £0,uL2
Bapocaue XpHCH
. Lorxde C,0013+G,0002  0,0012¢0,0005
2. Jenmeasuxa C,001040,0001  ©,0007+0,0001
3. ileveHs 0,043 $0,003 0,017 #C,001
4, loutu 0,006230,0003  0,00494C,0003
5. OxermeT 0,048 40,006 0,043 20,006
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MONOYHHX ReNe3 ¥ I0% XMBHX KPHC OT AOBH

Cr-252.
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Puc. 2. COCTOAHHME IESIIOMO33A
%puc C MOpaxeHHeM CrF=-252,
eMATOKCHIHH~303WH,

a) T'ouonoas B OMYCTOWEHHOM
HOCTHM M03I't, HKpyOHHE peTH=-
KYJAApHHE KIOTHA, ATUIHYHHE

Bpnrgodnacrﬁ.
1064 ~c/re 9 cyrxu, x I0O0C.

6) I'sponnacTHYeCKME KOCTHHE wQ3r,
[[na3MaTR3alMsa IpUTPOCIACTOB.,.
HeoORIHO KPYNHHE ATHIMYHLE
MMeno0IacTH W JeHKOMATH,

0,008 wc/r. 322 cyreu, x 900,

B) O4ar m3 ATHMHYHEHX B03RHODRIOB
¢ AZpaMd THIA MMAIOONACTOB H
MREJONMTORB,

0,016 /wf/r; 178 cyrruz. x 900,
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B) Hedpocraepos. 0,008 « /r, I78 cyTox. X 200, Monnepz,

DIATEHE B CHJE

poCKO30M
0,016 /wC/r. 178 cyTrku, x 500, I'eMATOKCUMAH~B03HH,

r) QopMuposaRMe EGOCHYHO KDYNHNX SHOMTEAMATBHHX KIETOK
¢ HEK
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JImTepaTypa

ByazaxoB ll.A., JoOuanckuit 3.P., Mocxanes 0O.M., HugaTos 4,l.

[Ipo0ie MN TOKCHKOZOI'MM ILITyTOHUA-239,
ATomuszar, Mockma, I%969,

damkug I'wA., Mocranes 0.f., lleTpoBuy H,K,

PacnpezenmeHne n ORoorMyecKoe ZeHcTBHe aMepRIuA-242.
Paznmoouonorus B8(I), 65, I968.

3ammuuy I'.A., Mockanes O.l., [lerpoBru U.K., PyAusuxas 3./,

Enonom™mueckoe zeilcrede aMmepHuua-24I,
Paguoouonorna 9(4), 599, I1969.

Mockanes 0,W., Pyzunurana 3,#,, 3anuwun I',A., lleTpoBuu ¥.X,

bronorvuscrkoe ZeRCTBUO a30THOKMCAOLO HEHTYHMA-237.
I'vrneHa ¥ caduTapua 36 (2), 42, I97I.

Mockanes U.Me, [HeTpoBuy K K,

Poarousa nepn@egnquHDﬁ KDOBM B 32BMCHMOCTY OT yCHOBHH
AY4EBOI'0 BO3AeACTBUM,
Pagsoduonorus 0I, ¥ 6, 881, I97I,
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BIMAHUE OTOPUPOBAHHOW NMATHEBOR BOZH U KANBUMHWPOBAHHOW JMETH
HA PAMMOPESMCTEHTHOCTD HMBOTHMX I[P BHENHEM I'AMMA-OBJIYYEHNAM

B. A. HuuxauroB, B. A, I'posoBckag
Hucruryr ouoduamxm MmHMcTepCTRBA 3ApaBCoxpaHaHKA CCCP
Nockpa, Cow3 CoBeTCKMX COUMINUCTHUECKMX Pecnylamk

AHHOTOUMA

In experiments on 2,016 alblno rats it has been found that
continuous high levels in the intake of fluorine with drinking
water and calclum with the diet lncreases the enims]l survival to
1,5 = 2 times after single or fractional total gamma or x-ray
irradiation in the doses of LD o ~LD o In experiments on
205 rats 1t has been found that“f28ctidB4ICirradiation in the
sumnary doses of 200 R doesn't cause radiation disease but
shortens the animal life by 10%. The addition of calcium and
fluorine to the dlet ccneiderebly neutrelizes the negatlive Influence
of the irradiatlon on duration of Life.

PsHee OWM0 NIOKA33HO, YTO YPOBEHL HOCTYNJNEHMA KANbBLKA C AHE~
TOf M KOHUEHTPAUWA dropa B NKTHEEBOK BOZE CHNOCOCHH BIMATH HA
pP8JHOPB3HUCTOHTHOCTE 3KCNODUMGHTANBENX EMBOTHHX NPM 00HMEM BHEUHOM
T8MMa— ¥ DOHTIOHOBCKOM oGnyusuum /I, 2/.

lenpk MccnejOoBaHKE, ONMCHBAGMNX B HACTOAHEM cOOCUEHHU, OHIO
NONYYEHME ZONONHUTEBRABHEX MATEpPHMANOB, XapPaRKTOPU3YDIMX BAKAHME
KaIbUMA ¥ TODA HA BHEMBAEMOCTEH OCNYUYOHHHX EMBOTHHX,. [lOJNyueHHHE
MaTEPMANH CONOCTAERNANTICA C A8HHEMM DIHEO NPOBEZEHEHX MCCHEJO0Ba-
HEft /I, 2/ ¢ Uenblk BHBEAOHYH HEKOTOPHX 38KOHOMEDHOCTEN BIMRHHA
KanpUufd M QTOpa HA DPAAMOPEBUCTEHTHOCTDH INIPX OZHOKPDATHOM MM Apol-
HOM OGNYYEHHM B DA3IMYHOM ZU8TNA30HE JO3I.

Brvanue KanbUMR M $ropes HA BREWBEEMOCTE KDHC
[I0C/1e OOJYUSHMA B OCTPONODAXINMEX  A038X

JKCIEDUMEHT ¢ NPOJRASKTHUECKUM ZOCHBASHMEOM KAJALLAA ¥ HTODA.
HccaeZOBEHME BKANYAJIQ0 B CEOH ABA ONKTA, NIOCTABJACHHHX HD 34b
KPHCAX-CAMLAX AMHHUK BucTap, KOTOPHE ZO OCAYy4YeHMA B TeugHMe 60
AHEHW Nonyusn¥ BUBOPHAHHE POLMOH C Z0OABNSHWEM YTASKUCAOTO Kalb-
UMA K KODMOBHM OpMESTAM K QTODACTOIO HATPUA K NUATHEBOW BOZAE.
WcxozHoe cozepxanue $Topa B BOAE HOHTBOHLHHK RUBOTHHX (M3 MOC-
KOBCKOTO BOZONposoAs) cocraenano 0,1-0,2 ur/m; coaepxaine Kaiab—
UAA B KODMOBHX OpuxeTax - 40 Mr Ha EMBOTHOE B cyTKM, CozepEaHMe
RAJLUMA KM @TOpPa B NMAME H BOAE ONNTHHX TPYNN EMBOTHWX AOBOAMIN A0
BEJIMUMH, HECKONBKO [IpEeBHIADMNX OCHANPMHATHA duswonoruueckuit
onTiMyM (I60 MI/CYTKE K 3,5 MI'/1 COOTBETCTEOHHG).
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MaTepualNH MO BHAVBAEMOGTH EMBOTHHX IOCHE OCNy4yeHMA B L036
700 p (napeuit omur) u 600 p(BTOPOH ONMHT) NPEACTAENEHH B Tal0N. I.

Tacnuua I

BrufiiMe H3a BHEMPAEMOCTH OAHOKPATHO OGIYUYSHHHX KpDHC
NPOPUAAKTHYECKOTO NOCaBIEHUA KANbUMA U TODA K AMeTe

) H_nge %ggga Bec ﬁ;no aa
e | Toaal Komn-| supom ux| 30 axaft
onu-| penr— T'pynna $drop, (KaneLmit 4eCTRO 6nepez: 6nocne
EMBOTIINX KPHC BloOnyue— |oGnyue-
T0B | Tex MT/7 MT rgynne ngu, HEH'
r
HansuueBad 0,2 _Iéb 29 241 I7,2
I 700 | dropran 3,5 40 33 233 33,3
KoETponsHa s 0,2 40 33 226 43,8
» €00 gansuueBaﬂ 0,2 I60 80 232 17,5
TOPHO-
H a7 BIlK 0 BaS 3,5 I60 67 227 I6,0
KoHTponbHasn 0,2 40 104 225 37,5

HPUMEYAHWE: I. Hocne oGnaydeHud ZoOaBNGHME KaAbUMA M JTOpPA K
AveTe Owi0 mpeKpaweHo. 2. Cpok ZMsTH A0 oGnyueHus — 60 nHeil.
3. Buz BOoazelicTBMA - OJHOKpPaTHOE ofmae raMMa—~o0iydyeHWe HA ycTa-
HOBKS 3I'0-2 npu womHocTH A03H 400 p/MvH.

lloGaBneHre Ka8NbOMA K LUSTE E NODEOM OIHTE NOBHCUJIO BHEXBAG-
MOCTEL IIpuMepHO Ha 27%, BO BTOpOM — HA 20% (N0 CpPAaBHEHMK C KOH-
TPONEM, BHEMBEEMOCTE B KOTODOM NDUHATA 3a 100%). O0orauenue BOIH
$ropoM B IePBOM OTHTE TAaKEe NOBHCUAO EBmXMBSemocTd (Ha I10%),
OnHAKO 2QdaKT OT Jropa CHN MEHeS BHPAXGHHHM, YEeM OT KaNALUKA.